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HANDBOOK OF PHYSIOLOGY. 


CHAPTER I. 

yx THE GENERAL AND DISTINCTIVE CIIARACTEis OP 
LlVIigS^ BEINGS. 

* 

Human Physiology is the scienoe^'^hioh treats of^the 
life of man — of the way in which he lives, and moves, 
has his being. It teaches how man is begotten and born; 
how he attains maturity ; and how he dies. , 

Having, thenf man the object of its study, it isun\ 
necessary to speak here of theP laws of life in general, and 
the means by which they ave carried out^ further than is 
requisite for the more clear understanding of those of the 
life of man in particular. Yet it would be impossible to 
understand rightly the working of a complex machine 
without some knowledge of its motive power in the mm- 
plest form ; and it may be well ^ to sea first what afe the 
so-called essentials of life— -those, namely, which mani^ 
fested by all, living beings alike, by the lowest, v^eg^a'ble 
and the highest animal, before proceeding to the consider^ 
atian of the structure and endowments of the organs and 
tissues belonging to man, 

of Itfe ,|hpse, — ^Wth and 
development; dooline and dea^'^and ah idea dif ii£at life 
is, will be best gained by sk^tehihg .the^ events, each 
in suee^ionf ^d (heir ^^tioha ofo' to a^^er. ^ 

The term, sense -i 

of one,'hf the^isdlwUti^SW^^ tct'.? 
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GROWTH. 


any particular kind of living being, may be taken to mean, ^ 
separatipn from a, parent, with greater or lees power of 
independent existence, a 3 a living being. 

Taken thus, the term, although not defining any parti- 
cular stage in development, serves well "enough for the 
expression of the fact, to which no exception has ypl 
been proved to exist, that the capacity for life in all li^g 
beings is got by inheritance. 

^ Growjh, or inlief ent power of increasing in size, although 

essential to our idea of life, is not a property of living 
beings only. * A crystal of sugar or of common salt, or^of 
any othe|r substance, if placed upder appropriate conditions 
for obtaining fresh material, ji^ill grow in a fashion as 
definitely characteristic and as easily to be foretold as that 
of a living creature. It is, therefore, necessary to explain 
the distinctions which exist in this respect between living 
§nd lifeless structures; for the manner of growth in the two 
/.nses is widely different. ^ 

First, ihe growth oL.a crystal, to use the same example 
as before, takes place merely •'by additions to its outside ; 
the new matter is laid on particle by particle, and layer by 
layer, and, ;when once laid on, it remains unchanged. The 
growth is here §aid to he mp^rfivhL In a living structuxe, 
on the other hand, as, for example, a brain or a muscle, 
wher^ growth occurs, it is by addition of now matter, not 
to the surface only, but throughout every part of ]lhe mass; 


the growth is not superficial, hut. intmiitM. Seco nd 

place, all living structures are subject 1;o consi|mt decay ; 
aud life consists, not as. once supposed, in the powbr of pro* 
ventmg this never-ceasing decay, h^t rather in making up 
loss atjbendant on it^by never-ceasing repair.^ Thus; 
is not compoteedTof exactly the same particles 
! ' day, although to ^ intents he remains the same 
i^h^^dual. Almost 6ver|; part is changed byiidegxees; but 
:%! &ange;|| anidtihd ronew^ of that which is 

SiflSpr^nce may be noth^ad, eoiscept. at 



DEVELOPMENT. 


•3 


• long iiltervals of time. A lifeless structure, as a crystal, is 
subjecit to no such laws ; neither decay nor repair is a ne- 
cessary condition of its existence. That which is true of < 
structures which never had to do with life is true also with 
respect to those* which, though they are formed by living 
parts, are not themselves alive. Thus, an oyster shell is 
formed by the living animal which it encloses, but it is as 
lifeless $is any other mass of saline matter ; and in accord- , 
anoe with this circumstance its growth takes place* not in- 
ierstitinlly, but layer by layer, and it is not* subject* to th€^< 
(xwistant decay and reconstruction which belong to the 
living. The hair and nails ai»e examples of the same 
fact. 

Thirdly . / In connection with the grgw^ of lifeless 
masses there is nb alteration in composition or properties 
of the material which is taken up and added to the pre- 
\ioii8ly existing- mass. For ^example, when a crystal (rf 
common salt grows on being placed in a fluid which con- 
tains the same material, the properties of the salt are not 
changed by being taken oift of the liquid by the crystal 
and added to its surface in a solid form. But the case is 
essentially dilforent, from this in living beings, both animal 
and vegetable. A xdant, like a crystal, can only grow when 
fresh material is presented to it; and this is abiSorbed by its 
Ipaves and roots; and animals for the same purpose of get-, 
ting new matter " for growth and nutrition, take food into 
their stomachs. But in both these cases the materials are 
much altered before they are finally (issimUated by the struc- 
tures they are destined to nourish. 

Ff)i|rtMv . The growth of all living things h&s a definite 
limit, and the law which governs this limitation of in- 
(jrease in size is so invariable that we should be as much 
astonished to find an individual plant Or aoiinal without 
limit as to gSoivth*^ limit J;o life. 

Development 19 as constant an acjp^|»finii3!>^t of life as 
growth. The term k ti|at 
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ANIMALS CONTRASTED 


which, before maturity, all living^rts are constantly sub- 
ject, and by which they are made more and more capable 
of performing their several functions. For example, a 
full-grown man is not simply a magnified child;, his 
tissues and organs have not only grown, *or increased in 
size, they have also develoj^ed, or become better in quality. 
No very accurate limit can be drawn between the end of 
^ development and the beginning of decline ; and the two 
processes may be often seen together in the same individual. 
.'tfBut after a tijne all parts alike share in the tendency to 
degeneration, and this is at length succeeded by death. 

The decline of living beings is as definite in its occur- 
rence as. growth or *develox3meHt. Death — not by disease 
or injury — so far^ from being a violent interruption of the 
course of life, is but the fulfilment of af purpose in view 
from the commencement. 

\ It has been already said that the essential features of 
nfe are the same in all living tilings ; in other words, in 
the members of both the animal and vegetable kingdoms. ! 
It may be well now to notice briefly thejdifitincU which 
exist between the members of these two kingdoms. It 
may si^m^, pdeed, a strange notion that it is possible to 
confound* vegetables with .animals, but it is true with 
respect to the lowest of them, in which btit little is mani- 
fested beyond the essentials of life, which are the same in 
both. 

I. Perhaps the most e^ential distinction is,i|he presence 
or absence of power to live upon inorganic material; in other 
words, to ^‘t chemically on carbonic acid, ammonia and . 
water, .so as to make use of their component elements as 
fpgd. Indeed one ought probably to say that a question 
con^w^g.the capability of the lower kinds of animal to 
live in this way cannSt be entertained ; and that such 
msmneT of life should decide at onse in •favour of a 

Wtht attributes which 
to point to an ocmelusion. The power of 
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living upon organic matter would seem to be less decisive 
of an animal nature, for some fungi appear to derive 
support almost entirely from this source. 

II. There is, commonly, a marked difference in general 
chemical compdaition between vegetables and animals, 
even in their lowest forms ; for while the former consist 
mainly of a substance containing carbon, hydrogen, aud 
oxygen only, arranged so as to form a compound closely 
allied to starch, and called cellulose, the latter* are com* 
luonly composed in groat part of the 'threei elhmeuta 
ji*st named, together with a fourth, nitrogen; the proxi- 
mate princixdes formed from these being identical, or 
nearly so, with albumen. •It must no*t be supposed, how- 
ever, that either of these typical com]pofiujJ.s alone, jjvith 
its allies, is corffined to one kingdom of nature. Nitro- 
genous or albuminous compounds are freely produced 
by vegetable structures, although they form an infiuLte|!y 
smaller projiorfion of the whole organism than cellulose or 
starch. And while the presence of the latter in animals 
is much more rare than is that of the former in vegetables, 
there are many animals in which traces of it may be dis- 
(^overed, and some, the ^cidians, in which it is found in 
considerable quantity. 

III. Inherent. power of movement is a quality which we 
so commonly consider an essential indication of animal 
jiature, that it is difficult at first to conceive it existing in 
any other. The capability of simple motion is now known, 
liowever, to exist in so many regefcable forms, that it can 
no longer be held as an essential distinction between them 
and animals, and ceases to be a mark by which the*qne 

’ can be distinguished from tlie other, .Thus the zoospores 
of many of the Cryptogamia exliibit movements of a like 
kind to those seen in animaloulei^; and even among the 
higher ordefs of i|)lant8,.^|aany exhibit such motion, either 
at regular times,# or*0a ^^e appli^ljpa eitternal irrita- 
tion, as might lead one^ Were taken jby iteeH ^ 
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^ * c 

regard thorn as sentient beings. Inherent power of move 
ment, then, although especially characteristic of anima 
c nature, is, when tahen by itself, no proof of it. C) 
course, if the movement were such as to indicate any kirn 
of purpose, whether of getting food or any other, the cas* 
would be dilferent, and we should justly call a being ex 
hibiting such motion, an animal. But low down in tin 
^ scale of life, where alone there exists any difficulty in 
distinguishing the two classes, movements, although almost 
*«lwayS more lively, are scarcely or not at all more i)ur- 
posive in one than the other ; and even if we decide on the 
animal nature of a being, it by no means follows tliat we 
are bound to acknowledge tlm presence of sensation or 
volition in ^thp slightest degree. There may be at least 
no evidence of its possessing a trace ^f those tissues, 
nervous and muscular, by which, in the higher members 
the animal kingdom, these qualities are manifested. 
Probably there is no more of either of them in the lowest 
animals than in vegetables. *In both, movement is elTocted 
by the same means — ciliary adtion, and hence the greater 
value, for purposes of classific^on, of the power to live 
on this that kind of food, — on organic or inorganic 
matter. As the main purpose of the lowest members ot 
the vegetable kingdom is doubtless to bring to organic 
shape tiie elements of the inorganic world around, so th^ 
function of the lowest animals is, in like manner, to acton 
degenerating organic matter, — to arrest the fugitive 
organized particles, and turn them back into the ascending 
stream of animal life.^' And, because sensation and voli- 
tiqp are accompaniments of life in somewhat higher, animal 
forms, it is needless to suppose that these qualities exist 
under circumstances in whidt, as we may believe, they 
iijohld be of. no service,'* It is as needless as to dogmatise 
l^l^e opposite side, and say that no feeding Sr volunta^ 
is |M)ssiJ)le f^ithout the pre^nce of those tissues 
an^Lejausdular. 
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IV. The presence of a stomach is a very general mark 
by which an animal can be distinguished from a vegetable. 
But the lowest animals are surrounded by material that 
they can take as food, as a plant is surrounded by an 
atmosphere that*it can use in like manner. And every part 
of their body being adapted to absorb and digest, they 
have no need of a special receptacle for nutrient matter, 
and accordiugly have no stomach. This distinction, then, 
is not a cardinal one. - . . • 

It would be tedious as well as unnecessa'ry to enumerate • 
the chief distinctions between the more highly developed 
animals and vegetables. *They are sufficiently appai’ent. 

It is necessary to compare^ side by sMe, the lowest mem- 
bers of the two kingdoms, in order to understand rightly 
how faint are th« boundaries between them. 


CHAPTER II. 

CHEMICAL COMPOSITION OF THE HUMAN BODY. 

The following Elemental^ SubHances may be obtained by 
chemical ana^lysisj^ the human body : Oxygen, Hydro- 
gen, Nitrogen, Carbon, Sulphuf, PhosphoruSj Silicon, 
CUlorine,^ Fluorine, PotassiTULpa, Sodium, Calcium, Magne- 
sium, Iron, and, probably as accidental constituents, Man- 
ganedum, Aluminium, Copper, and Lead, Thus, of the 
§ixty-three or more elements of which all known matter^ is 
composed, more than bne-fourthv are present in^e human 
body. 

Only one or two elements, and itti very minute amount, 
are present* in the bo^y uncombined with others ; and 
even these are jgesent much.imordiAbuj[dan,lly hl vwiOus 
states pt combination. The moit 
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in various proportions of these elements are ^ 
termed proximate principles ; while the latter are classified 
, as the or^famc and the inorganic proximate principles* 

The term organic was once applied exclusively to those 
substances wliich were thought . to be beyKmd the cohipass 
of synthetical chemistry and to bo formed only by or- 
ganized or living beings, animal or vegetable ; these 
being called organized, inasmuch as they are charuc- 
' terized by the possession of different parts called organs. 
•jjJiut with Advancing knowledge, both distinctions have dis- 
appeared ; and while the title of living organism is applied 
to numbers of living things, hf^ving no trace of organs in 
the old sense of the term, and in some, so far as can bo 
now;, seen, in no other sense, the term organic has long 
<;eased to be applied to substances formed only by living 
tissues. In other words, substances, once thouglit to lie 

2 rmed only by living tissues, are still termed organic, 
though they can be now made in the Ifiboratory. Thc'. 
term, indeed, in its old meaning, becomes year by year 
applicable to fetver substances,® as the cheiniefc adds to his 
conquests over inorganic elements and compounds, and 
moulds thj^m to more complex forms. 

Although a largo number of so-called organic com- 
pounds have long ceased to be peculiar in being formed 
only by living tissues, the terms organic and inorganic are 
still commonly used to denote distinct classes of cheinic-al 
substances, and the classification of the matters of which 
the human body is composed into the organic and the 
inorganic is convenient, and will be here employed. 

No very accurate line of separation can bo drawn 
between organic and inorganic substances, but there are 
certain peculiarities belonging to the former which jaxay 
be here briefly' noted. ‘ 

1. compounds are composed q£ a laVger number 

j^r^ent in the moretcoxnmon kinds of 
^>umen, fibrin, and geHi^, the 
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, most abundant substances of this class, in the more highly 
organized tissues of animals, are composed of five elements, 
— carbon, hydrogen, oxygen, nitrogen, and sulphur. The ^ 
most abundant inorganic substance, water, has l.)ut two 
elements, hydrogen and oxygen. 

2. Not only axe a large number of elements usually 
combined in an organic compound, but a large number of 
equivalents or atoms of each of the elements are united to 
form an equivalent or atom of the compound. I 3 i.the case * 
of carbonate of ammonium, as an example ^mong inorgani^^* 
substances, one equivalent of carbonic acid is united with 
two of ammonium ; the eq^iivalent or atom of carbonic acid 
consists of one of carbon mth tw'o of Oxygen ; and that of 
ammonium of one of nitrogen 'with three of hydi‘ogen.^ Hut 
in an equivalen# or atom of fibrin, or of albumen, there 
are of the same elements, respectively, 72, 22, 18, and 
1 12 equiv.'ilents. And together with this union of largo 
numbers of e^uivahmts in the organic compound, it is 
further observ'ablo, that the several numbers stand in no 
siuqde arithmetical relati<fn one with . another, as the 
numbers of equivalents combining in an inorganic com- 
pound do. 

"With these peculiarities in the chemical (jomposition of 
organic bodies we may connect two other consequent facts ; 
first, the large number of different compounds that are 
formed out of comparatively few elements j secondly, their 
great proneness to decomposition. For it is a general 
rule, that the greater the number of equivalents or atoms 
of an element that enter into the formation of an atom of 
a compound, tlie less is the stability of that compcftyid. * 
Thus, for example, among the varioiis oHdeis of lead and 
other metals, tlie least stable in Gom|K>sition are those in 
which each equivalent has the largest number of equiva- 
lents of oxygen. • So, wa<Jer, composed of one equivalent 
of oxygen and Awo of jiydr€^gea,*i| nqt changed by any 
dight force \ but peroxide of« hyd3r<>g^, whi<^ has two 
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ecjuivalents of oxygen to two of hydrogen, is among the , 
substances most easily decompose'd. 

Uie instability, on this ground, belonging to organic 
compounds, is, in those which are most abundant in the 
highly organized tissues of animals, augmented, 1st, by 
their containing nitrogen, which, among all the elements, 
may be called the least decided in its affinities, and that 
which maintains with least tenacity its combinations with 
other elements; and, 2ndly, by the quantity of water 
^^which; in, their natural state, is combined with them, and 
the presence of which furnishes a most favourable con- 
dition for the decomi)osition qf nitrogenous compounds. 
Such, indeed, is tlio instability of animal compounds, 
arising from these several peculiarities in their constitu- 
tion, that, in dead and moist animal matter, no more is 
requisite for the occurrence of decomposition than the 
presence of atmospheric air and a moderate temperature ; 
jconditions so commonly present, that the Secomposition of 
dead animal bodies appears to be, and is generally called, 
spontaneous. The modes of fiuch decomposition vary ac- 
cording to the nature of the original^nipound, the ton- 
j>erature, jhe excejag of oxygen, the presence pf-microscopic 
organisms, and other circumstances, and constitute the 
several processes of decay and putrefaction ; in the results 
of which processes the only general rule seems to be, that 
the several elements of the original compound finally unite 
to form those substances, whose composition is, under the 
circumstances, most stable. 

The organic compounds existing in the human body may 
be^ Arranged in two classes, namely,, &e azotized or nitro- 
gcfwvs, and the non-azotized^ or fioii’nitrogmom principles, 

The;jwon-a«o include the several fatty, oily, 

or oleaginous substaneds, as olein, stearin, cholesterin, and 
In the same category of non-nitrogenods substances 
^ miy lie inolu^ formic acidsi* animal gluoosi^, 
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• TJ^^P^X matter which, enclosed in minute cells, 

forms the essential part of the adipose or fatty tissue of the 
human bodj (p. 38), and which is mingled in minute par- 
ticles in many other tissues and fluids, consists of a mixture 
of stearin, palmifin, and olein. The mixture forms a clear 
yellow oil, of which difi'erent specimens congeal at from 
45 ^ to 35^ 

Cholesterin, Si fatty matter which melts at 293° F., and is 
therefore, always solid at the natural temperature of the 
body, may be obtained in small quantity from blood, bile,* 
and nervous matter. It occurs abundantly in many biliary 
calculi j the pure white crystalline specimens of these con- 
cretions being formed of it almost elcclusively. Minute 
rhomboidal scale-like crystals of it are also often fqyand 
in morbid secretJbns, as in cysts, the puriform matter of 
softening and ulcerating tumours, &c. It is soluble iu 
ether and boiling alcohol ^ but alkalies do not change 
it; it is one *of those fatty substances which are not. 
saponifiable. 

The azotized or principles in- the human body 

include what may be called the proper gelatinous and albu- 
minous substances, besides others of less definite rank and 
composition, as j[)epsin and ptyalin, horny matter or keratin, 
many colouring and extractive matters, ^i^c. 

^ The gelatinous substances a?c;e contained in several of the 
tissues, especially those which serve, a passive mechanical 
office in tlie economy; as the cellular, or fibro*ceIlular 
tissue in all parts of tlie body, the tendons, ligaments, 
and other fibrous tissues, the cartilages wd bones, the 
skin and serous membranes. These, when boiled *jui 
water, yield a material, the solution, of which remains 
liquid while it isvhot, but becomes solid and jelly-like on 
cooling. 

Two varieties of these aubsfcanoes are described, gd^in 
B^di^ chpnJ^ni the lattet Jbemg fipgm . cm-tilages, 

the former ih>m ail p^er 



1.2 


CHEMICAL COMPOSITION OF HUMAN BODY. ’ 


and in its purest state, from isinglass, which is the swim-, 
miug bladder of the sturgeon, and which, with the excep- 
tion, of about 7 per cent, of its weight, is wholly reducible 
into gelatin. The most characteristic property of gelatin 
is that alre^y mentioned, of its solution Being liquid when 
warm, and solidifying or setting when it cools. The tem- 
X)erature at which it becomes solid, the proportion of gela- 
tin which must be in solution, and the firmness of the 
jelly when formed, are various, according to the source, 
fthe quantity, and the quality of the gelatin; but, as a 
general rule, one part of dry gelatin dissolved in looof 
water, will become solid whemcooled to 6oP. Tho solidi- 
fied jelly may be a^ain made liquid by boating it, and the 
tratisitions from^ tho solid to the liquid state by the alter- 
nate abstraction and addition of heat, *may be repeated 
several times ; but at length the gelatin is so far altered, 
and, apparently, oxydized by the process, that it no longer 
• becomes solid on cooling. Gelatin in sofutions too weak 
to solidify when cold, is distinguished by being precipitable 
W'ith alcohol, ether, tannic acid,^and bichloride of mercury, 
and not precipitable with the ferrocyanide of potassium. 
Tho< most delicate and striking of these tests is the tannic 
acid, which is conveniently supplied in an infusion of oak- 
bark or gall-nuts ; it will detect one part of gelatin iu 
5,000 of water; an^l^if the solution of gelatin be 8troi\g 
it forms a singularly dense and heavy precipitate, which 
has been named tanno-gelatin, and is completely insoltible 
in water. 

Ghondrin, the kind of gelatin obtained jBrom cartilages, 
agfees with gelatin in most of its characters, but its 
s^lutip^ spUdifies on cooling much less^ firmly, and, unlike 
gelatin, it is jjyeoipitable with acetic and the mineral, and 
p^er^j^idSjf and with alum, persdphate of iron and acetate 
of 

■ 'jl! otproteids^ as they are sometimes 

;; eidyte^ M human b<^y, Tbe chief 
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^mong them are albumen, fibrin, casein, syntonin, myosin, 
and globulin. 

Albumen exists in most of the tissues of the body, but 
especially in the nervous, in the lymph, chyle, and blood, 
and in many mdrbid fluids, as the serous secretions of 
dropsy, pus, and others. In the human body it is most 
abundant, and most nearly pure, in the serum of the blood. 
In all the forms in which it naturally occurs, it is com- 
bined with about six per cent, of fatty matter, phosphate 
of lime, chloride of sodium, and other saline substances. 
Ita» most characteristic property is, that both in solution 
and in the half-solid state^in which it exists in white-of- 
egg, it is coagulated by heatj and in thus becoming solid, 
becomes insoluble in water. The temperature requijred 
for the coagulatien of albumen is the liigher the less 
the proportion of albumen in the solution submitted 
to heat. Serum and such strong solutions will begin to 
coagulate at fr<ftn 150” to 170®, and these, when the 
heat is maintained, become almost solid and opaque. 
,But weak solutions required much higher temperature, 
even that of boiling, for their coagulation, and either only 
become ,milky or opaline, or produced flocculi which are 
precipitated. 

Albumen, in the state in which it naturally occurs, ap- 
pears to be but little soluble in pure^jjf atipi;:„ but is soluble 
in welter containing a small proportion of alk^i. such 
solutions it is probably combined chemically withi the 
alkali ; it is precipitated from them by alcohol, nitric, and 
other mineral acids, by ferrocyanide of potassium (if before 
or after adding it the alkali combined with the albumen* ];^e 
neutralised), by bichloride of mercury, acetete nf lead, and 
xuost i^etallic salts. 

doagulated albumen, Le,, albumexf made i^lid with heat, 
is sohiErel^ dP c^l^tiQ alkali, and in acetic acid 

if it be long digested cr. bpik^d 

3 mA, alao, stewjr pre- 
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viously coagulated, and the solution^has a beautiful pjarple 
gr blue colony,. 

Fibrin is found most abundantly in the blood and the 
more perfect portions of the lymph and chyle. It is very 
doubtful, however, whether fibrin, as such, exists in these 
fluids, — ^whether, that is to say, it is not itself formed at 
the moment of coagul|.tion. (See Chapter on the Blood.) 

If a common clot of blood be pressed in fine linen while 
a stream, of water flows upon it, the whole of the blood- 
colour is .gradually removed, and strings and various pieces 
remain of a soft, yet tough, elastic, and opaque- white sub- 
stance, wliich consist of fibrin, ,4mpure, wdth a mixture of 
fatty matter, lymph-corpuscles, shreds of the membranes 
of yed blood-corjmscles, and some saline substances. Fibrin 
somewhat x>urer than this may be obtained by stining blood 
while it coagulates, and collecting the shreds that attach 
themselves to the instrument, or by retarding the coagula- 
tion, and, while the red blood-corpuscle^ sink, collecting 
the fibrin unmixed with them. But in neither of these 
cases is the fibrin perfectly pifte. 

Chemically, fibrin and albumen can scarcely be distin- 
guished ; the^nly diflferenee apparently being that fibrin 
<^ntains 1*5 more oxygen in every icx) paHs than albumen 
does. Mr. A. H. Smee has, indeed, apparentiy converted 
tilbumen into fibrin, by exposing a solution to the prolonged 
influehob of oxygen. Nearly all the changes, produced by 
various agents, in coagulated albumen, may be repeated 
with coa^lated fibrin, with no greater differences of result 
than may be reasonably ascribed to the differences in the 
iqCbbanical properties of the two substances. Of such dif- 
fen^cesi tbe pz:incipal are> that fibrin immersed in acetic 
swells u|t and becomes Ita^parent Uke gelatin, wMe 
u^^ ifq such apparent change; and that 
, of bydrogen is ded^^posed wheh in contact 
g|roqagii|^^ albumen.' 

issaaid ootnbinatiion with 
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soda^ l^gely in milk, and forms one of its most im* 
portant constituents. * 

Syntonin is obtained from muscuto tissue, both of the 
striated and organic kind. diff ers from ordinaiy fibrin 
in several partiCuiors, especially in being less soluble in 
nitrate and carbonate of potash, and more soluble in dilute 
hydrochloric acid. 

^Myosin is the substance which spontaneously coagulates 
in the juice of muscle. It is closely alKed to syntonin ; 
indeed, in the act of solution in dilute acids, it is converted 
intQ it. 

The per-centage composit^n of albumen, fibrin, gelatin, 
and chondrin, is thus given hy Mulder 
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Albumen. 

Fibrin. 

— , — ^ 

Oelatiii. 

8 __ 

Chondrin. 

Carbon . . ^ 

53*5 

5^*7 

50-40 

49 '97 

Hydrogen . . 

, 7*0 

6-9 

6-64 

^•63 

Nitrogen 

*5*5 

15*4 

»8'34 

14-44 

Oxygen , . . 

Submiir 

22 O 

1-6 

23*5 

I '2 

I 24-26 

\ 28-58 
t 6-38 

Pliosphorus . . 

0-4 

• o'3 

1 


lOOO 

lOO'O 

1 100 'OO 

i 

100*00 


Homy Matter . — ^The substance of the. homy tissues, in- 
cluding the hair and nails (with whale-bone, hoofs, and 
horns), consists of an albuminous substance, with, larger 
proportions of sulphur than albumen and fibrin contain. 
Hair contains lO per cent, and nails 6 to 8 . per cent, of 
sulphur. 

The homy substanpee, to which Simon applied the namp 
of keratin, insoluble in venter, alc^holj^ o;r .e%e3E! eolublO. 
in caustic alkalies, and sulphuric, nitric, an^,^ hydrochloric 
acids; and not precipitable ftom the*E^latici&,;m 
ferrocyanide Of potassium. 4^ v 

Uwsuf, i» its fosB^ is :these hornjr 

substanoj^, oonsistiog, in ($,<|S|li|j^iadetaioked 
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from the surface of mucous membrane, and floating in a 
peculiar clear and viscid fluid! But under the name of 
mucus, several various substances are included of which 
some are morbid albuminous secretions containing mucus 
and pus-corpuscles, and others consist of*the fluid secretion 
variously altered, concentrated, dr diluted. Mueu^ contains 
an albuminous substance, termed mucin. It diflers from 
* albumen chiefly in not containing sulphur. 

Pep$ln and other albuminous /ermc97ts, as they are some- 
times cajled, will be described in connection with the secre- 
tions of wfiich they are the active princii)les. And ^he 
various colouring matters, as of^the blood, bile, &c., will be 
also considered with the fluids or tissues to which they 
belong. 

Besides the above-mentioned organic' nitrogenous com- 
pounds, other substances are formed in the living body, 

. chiefly by decomposition of nitrogenous materials of the 
food and of tlie tissues, which must be reckoned rather as 
temporary constituents than essential component parts of 
the body; although from the continual change, which is a 
necessary condition of life, they are always to be found in 
greater or less amount. Examples of these are ui’ea, uric, 
and hippttric acid, creatin, creatinin, leucin, and many 
others* 

Such are the chief organic substances of w'hich the 
human body is composed. It must not be supposed, how- 
ever, that they exist naturally in a state approaching that 
of chemical purity. All the fluids and tissues of the body 
appear to consisti chemically speaking, of mixtures of 
Several of these principles, together with saline matters. 
Thus,; for example, a piece of muscular fl^fiih .would yield 
flhi&V idbumen, fatty matters, sdts,. of 

lime, ma^esfe, iron, and other substances, such as 
appear passing from the organic towards 
: s1|bte. ^ "This mixture of |»ubstance$ may be 

>laih^ i^Wmo me^#^e by the emstenee pf.many 
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different structures or tissues in the muscles ; the gelatin 

• may be referred principally to the cellular tissue between 
the fibres, the fatty matter to the adipose tissue in the 
same position, and part of the albumen to the blood and 
the fluid by whush the tissue is kept moist. But, beyond 
these general statements, little can be said of the mode in 
which the chemical compounds are united to form an 
organized structure ; or of how, in any organic body, the 

several incidental substances are combined with those 

# • 

which are essential. * . ^ 

The inorganic matters which exist as such fh the human 
bo*dy are numerous. 

Water forms a large proportion, probably more than 
two-thirds of the weight of the whole body. 

Phosphorus occjjirs in combination, — arf in the neutral 
phosphate of sodium in the blood and saliva, the acid 
phosphates of the muscles and urine, the basic phosphates 
of calcium and me*gnesium in the bones and teeth. 

Sulphur is present chiefly in the sulphocyanide of potas- 
sium of the saliva, and in tj|)e sulphates of the urine and 
sweat. 

A very small quantity of silica exists, according to 
Berzelius, in the urine, and, according to others, in the 
blood. Traces of it have also been found in bones, in hair, 
and in some other parts of the body. ' 

• (Marine is abundwt in combination with sodium, potas- 

sium, and other bases in all parts, fluid as well as solid, of 
the body. A minute quantity of fltiorine in combination 
with calcium has been found in the bones, teeth, and 
wme. ^ . 

Potassium sodium are constituents o£,t^e;b]^d 
all the fluids, ih various quantities and proportioxis.. Th^ 
exist in the form of chlorides, sulphates, and .phosphates, 
and probably ,>also, in combin^on with ^bumen, or certain 
organic acids. ^ Liebig, in his woxh on the Chemistry of 
Food, has shown {hat the juice expxIsleA mt^kr 
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flesh ^wajs contains a much larger proportion of pomsu- 
salts than of soda-salts; while •in the blood and other* 
fluids, except the milk, the latter salts always preponderate 
over the former ; so that, for example, for every loo parts 
of soda-salts in the blood of the chicken, ox, and horse, 
there are only 40*8, and 9*5 parts of potash-salts; but 
for every loO parts of soda-salts in their muscles, there 
axe 381, 379, and 285 parts of potash-salts. 

The B^ts of calcium are by far the most abundant of the 
^earthy salts found in the human body. They exist in the 
lymph, chyle* and blood, in combination with phosphoric 
acid, the phosphate of calcium being probably held in sofu- 
tion by the presence of phosphate of sodium. Perhaps no 
tissue is wholly void of phosphate of calcium; but its 
especial seats arb the bones and teeth, i/L which^ together 
with carbonate and fluoride of calcium, it is deposited 
in minute granules, in a peculiar compound, named 
bone-earth, containing SI’S5 parts of lime, and 48*45 of 
phosphoric acid. Phosphate of calcium, probably the 
neutral phosphate, is also fo^d in the saliva, milk, bile, 
and most other s^retions, and acid phosphate in the urine, 
and, accordii^g to Blondlot, in the gastric fluid. 

Magmsium appears to be always associated with calcium, 
but its proportion is much smaller, except' in the juice 
expressed from muscles, in the ashes of which magnesia 
preponderates ovor lime, • 

The. especial place of iron is in the hsomo-globin, the 
colouring-matter of the blood, of which a further account will 
be given with the chemistry of the blood. Peroxyde of iron 
is -founds in very small quantities, ih the ashes of bones, 
musebs, and many tissues, and in lymph and chyle, 
albumen of sernaJi? fibrin, bile, and dther fluids; and 
, a saltsiof iron, probably a phosphate, exists in oonsider- 
ubl^ quantity in the hair, blade pigment, and other 
; , des^ly colpui^ epithelial or horny aubstaacea. 

5 i and seems most 
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likely that in the human body, copper, manganesiumf alxmi- 
nium, and lead are merely accidental elements, which, being 
taken in minute quantities with the food, and not excreted 
at once with the feecee, are absorbed and deposited in some 
tissue or organ, of which, however, th^ form no necessary 
part. In the same manner, arsenic, being absorbed, may 
be deposited in the liver and other parts. 


CHAPTER III. 

STnucTunAn coMrosiTiox of the human body. 

In the investigntion of the structural composition of the 
liuman body, it will be well to consider in the first place, 
what are the simplest anatomical elements ‘which enter 
into its formation, and then proceed to examine those 
more complicated tissues which are produced by their 
union. 

It may be premised, that in all the living 2)arts of 
all living things, animal and vegetable, there is in* 
vasiably to be discovered, entering into the formation of 
their anatomical elements, ^ greater or less, amount of a 
substance, which, in chemici^ composition and genera 
diaracters, is indistinguishable from albumen. As it exists, 
in a living tissue or organ, it diflers essentially from mere 
albumen in the fact of its possessing the power of growth, 
development, and the like ; but in chemical composition it 
is identical with it. * . , 

This albumkiouB ^ubstan^has received various names 
according to iko stry<$ttu^ in which it* jboeu 
the theory of its nature and . uses whw^V^y have pre- 
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sented itself most strongly to the minds of its observers. 
In the bodies of the lowest animals^ as the Kliizopoda or 
► Gregarinida, of which it forms the greater portion, it has 
been called ^'s^ode/' from its chemical resemblance to the 
flesh of the higher animals. When discovered in vegetable 
cells, and supposed to be the prime agent in their con- 
struction, it was termed ‘^prot^lasm.** As the presumed 
e formative matter in animal tissues it was called “blastema 
and, witii- the belief that wherever found, it alone of all 
I %aatter^ has to do with generation and nutrition, Dr. Beale 
has sumamed it “ germinal matter,*’ ^ 

So far as can be discovere(|, there is no difference in 
chemical compositicfn between the protoplasm of one part or 
organism and that of another. The movements which can 
be seen in certain vegetable cells apparently belong to a sub- 
stance which is identical in composition with that which 
constitutes the greater portion of the bodies of the lowest 
animals, and wMch is present in greater ^or less quantity 
in all the living parts of the highest. So' much appears 
to be a fact ; — ^that in all living parts there exists an albu- 
minous substance, in which in favourable cases for observa- 
tion in vegetable and the lower animal organisms, there 
can be noticed certain phenomena which are not to be 
accounted for by physical ^mpressions from without, but 
are the result of inherent properties we call vital. For 
example, if a hair of the Tradescantia Yirginica, or*of 
many' other plapts, be examined under the micr6fKM>pe, 
there is seen in each individual cell a movement of the pro- 
toplasmic contents in a certain definite direction around the 
V interior of the cell. Each pell is a closed sac or bag, and its 
^ contents s^re therefore quite cut off from the direct influence 
any, motive power from without* The, motion of 
' ihoreOver, & a circuit around t^ interior of 

the notion of its toeing daw to any other 
. , mdecnl^Vhanges which call vitaL , Again, 

lowi^ enimcls, bodies resemble more than 
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an 3 rthing else a minute mass of jelly, and which appear 
* to be made up almost solbly of thia albuminous protoplasm, 
there are movements in correspondence with the needs of , 
the organism, whether with respect to seizing food 
or any other purpose, which are unaccountable accord 
ing to any known physical laws, and can only be called 
vital. In many, too, there is a kind of molecular cur- 
rent, exactly resembling that which is seen in a vegetable ^ 
cell. 

In the higher animals, phenomena such as these -are s^ « 
subordinate to the more complex manifestations of life that 
they are apt to be overloolijBd but they exist nevertheless. 
The more nutrition of each,part of the body in man or in 
the higher animals, is performed after a fashion whi^h is 
strictly analogous to that which holds good in the case of 
a vegetable cell, or a rhizopod ; or, in other words, the 
life of each anatomical element in a complex structure, 

' like the humane body, resembles very closely the life of 
what in the lowest organisms constitutes the whole being, 
P'or example, the thin scaly covering or epidennis, which 
forms the outer part of a man*s skin, is made up of minute 
cells, which, when living, are composed in part of pro- 
toplasm, and which are continually wearing away and 
being replaced by new similar elements from beneath ; 
and this process of quick waste and repair could only take 
place under the very complex conditions of nutrition which 
exist ^in man. One working part of the organisi^ of on 
animal is so inextricably interwoven with that of another, 
that any want or defect in one, is soon 6r immediately felt 
by the whole; and the epidermis, which only subserves 
mecbanical fimctiou, would be altered very isoon' by any 
defect in the more essential parts concerned in circulation, 
respiration, &o. But if we* take amply the life-history 
of one of thesmaUceHa, ^hich consti^te the epidermis, 
we find that it absorbs nqttrishTpent Sgim the parts around, 
grows, and developes in a mannqjr to that which 
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belongs td ift cell which constibites part of a yegetable 
Bi^cture, or eteh a cell which by itself forma an indepen- 
dent being. 

Bemembering, howeveri the inyariable presence of a 
living albuminous matter o^ protoplaBim of apparently 
identical compoaiticni in all living tissues, animal and 
vegetable, we must not forget that its relations to the 
parts with which it is incNCg|>orated.are still very doubtftilly 
known;. and all theories concerning it must be considered 
^nly tentative and of uncertain stability. 

Aniong the anatodiical elements of the human body, 
some appear, even with the help^of the best micyoscopic ap- 
paratus^ perfectly uniform andjsimple: they show no trace 
of structure, Le,, of being composed of definitely arranged 
dissimilar parts/ These are named Bimple^ knictureless, or 
amorphouB substances. Such is the simple membrane which 
forms the walls of most primary ceUs, of the finest gland- 
ducts, and of the sarcolemma of muscular £bre ; and such 
is the membrane enveloping the vitreous humour of the 
eye. Such also, havings a dimly granular appearance, 
but no really granular strocture, is the intercellular sub- 
stance of the so-called hyaline cartilage. 

In the parte which present determinate structure, 
certain primary forms may be distinguished, by 

their varioUs modifications and modes of combination make 
up the tissues and organs of body. Such are, i. 

Hides or m<Ae^es, &e minut^t of the prim^ 

forms.^ They are particles of various sizes, from immeasur- 
able minuteness to the io,C)OOth of an inch in diameter; of 
various and generally uncertain composition, but usually 
so afBsdtng light teansmitted through them, that at dif* 
ferent ibcal distance their centre, or margm, or whole 
appears bl^dk. From this character, as well as 
; specific gravity (for iu nderoscapio eanmina- 

^«y‘^ways Appear %ht«p. tl:«itt^ water), taid from 
^n ethej^^ whim \ 'they can' be lavourablj 



NUCLEI. 


23 


tested, it is probable that most granules are formed of 
•fatty or oily matter; or,« since they do not coalesce as 
minute drops of oil would, that they are particles of oil 
coated over with albumen deposited on them from the 
fluid in which they float. In any fluid that is not too 
viscid, they exhibit the phenomenon of molecular motion, 
shaking and vibrating incessantly, and sometimes moving 
through the fluid, probably, in great measure, under the 
influence of external vibration. 

• • 

Granides may be either as in milk,' ch^rle, .milky^ ^ 
serum, yelk-substance, and most tissues coAtaining cells 
with granules; or enclosed, as are the granules in 
nerve-corpuscles, gland-c^s, and epithelium-oeUs, the 
pigment granules in the pigmentum nigrum and me- 
dullary substance^ of the hair ; or imbedUed, as are the 
granules of phosphate and carbonate of lime, in bones 
and teeth. 

or o^oblasts (%. i, h), app ear to be the simplest 
elementerj stmctures, next^to granules. They were thus 
named in accordance with {he . hypothesis, that they axe 
always connected with cells, or tissues formed from cells, 
and that in the development of these, each nucleus is the 
germ or centre around which the cell is formed. The 
hypothesis is only partially true, but the terms based on it 
are too familiarly accepted to make it advisable to change 
them till some more exact and comprehensive theory is 
formed. 

Of the corpuscles called nuclei some are minute cellules 
or vesicles, with walls formed of simple membrane, enclos- 
ing often one or more particles, like nunuteV^anules, 
called nucleoli (fig. I, c). Other nuclei, again, appear to 
be simply smaU masses of protoplasm, .with no trace of 
vesicular structure, • 

O ne of th»most jr<»^eral ,charaote^^ the nucleus, and 
the mostuseM in xpicroj^pic th^ it^is. 

nmthw dm^y^ nor; hut 
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acquires, whep 4ui<i is in contact with it, a darker and 
more distinct outline,. It is commonly, too, the part of the 
mature cell which is capable of being stained by an ammo- 
niacal solution of carmine— the test, it may be remarked, 
hy which, according to Dr. Beale, protoplasm or germinal 
matter may be always known. 

Nuclei may be either free or attached. Free nuclei are 
such as either float in ^uid, like those in some of the secre- 
* tions, which appear to be derived from the secreting cells of 
r ^the glands, or lie loosely embedded in solid substance, as in 
the grey maitter of the brain and spinal cord, and most 
abundantly in some quickly-growing tumours. Attached 
nuclei are either closely imbed(|ed in homogeneous pellucid 
substance, as in rudimental cellular tissue ; or are fixed on 
the surface of fibres, as on those of organic muscle and 
organic nerve-fibres ; or are enclosed in cells, or in tissues 
formed by the extension or junction of cells. Nuclei en- 
closed in cells appear to be attached to theoinner surface oi 
the cell-wall, projecting into the cavity. Their position in 
relation to the centre or axis q£ the cell is uncertain ; often 
when the cell lies on a flat or broad surface, they appear 
central, as in blood corpuscles, epithelium-cells, whether 
tesselated or ' cylindrical ; but, perhaps, more often their 
position has no regular relation to the cenfre of the cell. 
In most instances, each cell cC^^ins only a single nucleus ; 
but in cartilage, especially when it is growing or ossifying, 
two or more nuclei in each cell are common ; and the deve- 
lopment of hew cells is often eifected by a division or mul- 
tiplication of nuclei in the cavity of a parent cell ; as in the 
primary Iflbod-cells of the embryo in the germinal vesicle, 
and others, 

'When cells exfond and coalesce, so that their walls form 
thbes or sheatl^^ the nuclei commonly remain attached to 
Ihh inner surface of the wall. Thus they are seen imbedded 
in .the walls of the minutest eapillary bloodvessels of, f^ 
the retina^ an^ brain,* in &Le aarcolemma of 
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transversely striated muscular fibres ; and in minute gland- 
*tubes. • 

N uclei a re most commonly oval or round, and do not 
generally conform themselves to the diverse shapes whi(;h 
the cells assuma; they are altogether less variable ele- 
ments, even in regard to size, than the cells are, of which 
fact one may see a good example in the uniformity of tlie 
nuclei in cells so multiform as those of epithelium. But 
sometimes they appear to be developed into filaments, 
elongating themselves and becoming solid,' and uniting 
end to end for greater length, or by lateral branches to 
form a network. So, according to Ilenle, axe formed the 
filaments of the striated an^ fenestrated coats ||of arteries ; 
and, according to Beale, the so-called connective tissue cor- 
puscles are to b^ considered branched fiuclei, formed of 
protoplasm or germinal matter. 

3. The word cell of course implies strictly a 

hollow body, aad the term was a sufficiently good one 
when all so-called cells were considered to be small bags 
with a membranous envelope, and more . or less liquid 
contents. Many ^bodies, however, which are still called 
cells do not answer to this description, and the term, there- 
fore, if taken in its literal signification, is very apt to lead 
astray, and, indeed, very frequently does so. It is too 
widely used, however, to be given up, at least for the 
present, and we must therefore consider the term to indi- 
cate, either a membranous closed bag with more or less liquid 
contents, and almost always a nucleus; or a S)ball semi- 
solid mass of protoplasm, with no more definite boundary- 
wall than such as has been formed by a condensation ofiits 
outer layers, but with, most commonly, a small granular 
substance in the centre, called, as in the first place, a 
nucleus. In both cases the nucleus laay oontain a nucleolus. 
Fat cells (fig^ 11 examples of thj^ first kind of cells; 
white blood-oorpusoles (fig; of fifie.seoond. 

-The oeUrvall, when these is never presents any 
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appearance of structure ; it appears 'sometimes to be an 
albuminous substance; sometimes a homy matter^ as in* 
thick and dried cuticle. In almost all cases (the dry cells of 
horny tissue, perhaps, alone excepted) the cell- wall is made 
transparent by acetic acid, which also penetrates into the 
interior and distends it, so that it can hardly be discerned. 
But in such cases the cell- wall is usually not dissolved ; it 
may be brought into view again by merely neutralizing 
the acid with soda pr potash. 

The simplest shape of cells, and that which is probably 
the norm^ shape of the primary cell, is oval or spheroidal, 
os in cartilage-cells and lymph-corpuscles ; but in many in- 
stances they are flattened and ^^iscoid, as in the jred blood- 
rorpiiscles (fig. 26) or scale-like, as in the epidermia and 
tesselated epithelium (fig. 2). By muj^al pressure they 
may become many-sided, as are most of the pigment-cells 
of the choroidal pigmentum nigrum (fig. 12), and thoi^ 
in close-textured adipose tissue ; they may<assume a conical 
or cylindriform or prismatic shape, as in &e varieties^ of 
cylinder-epithelium (fig. 4) ; pr be caudate, as in certain 
bodies in the spleen ; they may send out exceedingly fine 
processes in the form of vibratile cilia (fig. 6), or larger 
processes, wiili which they become stellate, or variously 
caudate, as in some of the ramified pigmenj|rcells of the 
choroid coat of the eye (%. 13), 

The contents of all living edls, including the nucleus, are 
formed in a greater or Jess degree of protoplasm, ~less as 
the cell grows older, besides, cells contain matters 
almost infinitely various, according to tlie position, office, 
and age of the cdi In adipose tissue they are the oily 
shatter of the lat ; in gland-cells, the contents lure the 
substance of the secretion, bile, semen, &c., as the 
may be,^ in pig^entnsells they are the pigment-gra* 
the colour; and iu the ^numerous instances 
:\u the oeU-c6ntent|9 can be neiihm?^ seen beoanse they 
tes3^ Wainie of their minute quantity,. 
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th^y are yet, probably, peculiar in each tissue, and con- 
stitute the greater part ol the proper substance of each. 
Commonly, when the contents are pellucid, they contain 
granules which float in them ; and when water is added 
and the contents are diluted, the granules display an active 
molecular movement within the carvity of the cell. Such 
a movement may be seen by adding water^to mucus-, or 
granulation-corpuscles, or to those of lymph. In a few 
cases, the whole cavity of the cell is filled with granules ; 
it is so in yelk-cells and milk-corpuscles, in the .large 
diseased corpuscles often found among the products of 
inflammation, and in some cells when they are the seat of 
extreme fatty degeneration. ^ All cells containing abundant 
granules appear to be either lowly organized, els for nutri- 
ment, e.g,^ yelk-c^s, or degenerate, ^anule-cells of 
inflammation, or of mucus. The peculiar contents of cells 
may be often observed to accumulate firsts around or di- 
rectly over the nuclei, as in the cells of black pigment, in 
those of melanotic tumours, and in> those of the liver during 
the retention of bile. ^ 

Intercellular substance is the material in which, in certain 
tissues, the cells are imbedded. Its quantity is yexy 
variable. In the finer epithelia, especially the columnai* 
e{)ithelium on the mucous membrane of the intestines, it 
can be just seen filling the interstices of the close-set cells ; 
hefe it has no appearance of structure. In cartilage and. 
bone, it forms, a large portion of the whole substance of 
the tissue, and is either homogeneous and fin^y granular 
(fig. 14), or osseous, or, as in fibro^cortilage, iesexables fine 
fibrous tissue (fig. 15). In some cases^ the cells are ver^ 
loosely connected with the intei^Uular substance, and may 
be nearly separated from it, as in fibro^oartfiage : b^t in 
some their walls seem amalgamated with it 

The foregoing may be ragged as simplest, and the 
nearest to the prirn^ forms hssume^l^^i^ organization 
of animal matter; as the statos passes in 
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becoming a solid tissue living or capable of life. By the 
further development of tissue thus far organized, higher ot 
secondary forms are produced, which it will be sufficient in 
this place merely to enumerate. Such are, 

4. FUarnentSi or JibriU, — ^I'hreads of exceeding fineness, 

from upwarda Such filaments are 

cylindriform, as are those oF the striated muscular and 
the fibro-cellular or areolar tissue (fig. S); or flattened, as 
are those of the organic muscles. Filaments usually He 
in parallel fasciculi, as in muscular and tendinous tissues ; 
but in some*^^ instances are matted or reticular with branches 
and intercommunication, as are the filaments of the middle 
coat, and of the longitudinally -fibrous coat of arteries ; and 
in other instances, are spirally wound, or very tortuous, as 
in the common^fibro-cellular-tissue (fig.e9). 

5 . Fibres in the instances to which the name is commonly 
applied are lai-ger than filaments or fibrils, but are by no 
essential general character distinguishedAom them. Tlxe 
flattened band-like fibres of the coarser varieties of organic 
muscle or elastic tissue (fig. ^o^are the simplest examples 
of this form ; the toothed fibres of the crystalline lens are 
more complex ; and more compound, so as hardly to permit 
of being classed as elementary forms, are* the striated mus- 
cular £l|>res, which consist of bundles of filaments enclosed 
in separate membranous sheaths, and the oerebro-spinal 
nerve-fibres, in which similar sheaths endose apparently 
two varieties of nerve substance. 

6. Tuhvles are formed of simple, or struotureless mem^ 
brane, such as the investing sheaths of striated muscular 
and cerebro-spinal nerve-fibres, and the basement mem- 
brane or proper wall of the %ne ducts of seoreting glands ; 

they may be formed, as in the case of the minute capil- 
lyihph and ^blood-vessels, by the apposition, edge to 
edj|e^,ta a single layer, of variously q^apedo flattened cells 

With l&e simple i^ateruds, ^e various parts of &e 
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* body are built up ; the more elementary tissues being, so 
to speak, first compounded of them; while these again 
are variously mixed and interwoven to form more intricate 
combinations. Thus are constructed epithelium and its 
modifications, connective tissue, fat, cartilage, bone, the 
fibres of muscle and nerve, etc. ; and these again, with the 
more simple structures before mentioned, are used as mate- 
rials wherewith to form arteries, veins, and lymphatics, 
secreting and vascular glands, lungs, heart, liver, and other 


CHAPTER IV.* 

' 1 

sthttctxjre ov the elementaey tissues. 

A 

Epithelium, 

One of the simplest of the elementary structures of which 
the human body is made up, is that which has received the 
name of Epithelium, Composed of nucleated cells which are 
arranged most commonly in the form of a continuous 
membrane, it lines the free eurjaees both of the inside and 
outside of the body, and its varieties, with one exception, 
liave been named after the shapes which the individual 
cells in different parts assume. Classified thus, Epithelium 
presents itself under four principal forms, the characters 
of each of which are distinct enough in well-marked ex- 
amples; but when, as frequently happen^ a continuous* 


^ The following Chi^tor, containing an ohtline^doscription of the 
elementary tissueli, has been inserted for the c^Tetdonce of stadents. 
For a much fuller and^ better account, the be referred to 

Dr. Sharpey’s admirable descriptions in Qufdn’t 
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surface possesses at diflPerent parts two or more different * 
epithelia, there is a very gradual transition from one to tHe 
other. 

I. The first and most common variefy is the gqmmom 
or tesselated epithelium (figs. I and 2 ), ^hich is composed 
of flat, oval, roundish, or polygonal nudeated cells, of 
various size, arranged in one, or in many superposed 
. layers. Arranged in several superposed layers this form of 


Fi(f. I.* . Fig. 2.f 



ei)ithelium cpv^ziB the skin, where itis called the Epidermis, 
and is ^gpfead over the mouth, pharynx, and oesophagns, 
the conjunctiva covering the eye, the vagina, and entrance 
of the ^uretoa m both sexes ; while, as a single layer the 
same kind of epithelium lines the interior of most of the 
serous and synovial sacs, and of the he^t, blood-vessds, 
and lymph-yes^]^. 

2. Another variety of epithelium named ^hsroidal^ from 
the usually m<)re or less rounded outline of the cells .com- 


Figi' I. FTsagmont of epithelium from a serous mombrane (pcri- 
410* diamotcrs. a. ceU ; 4 nucleus ; c. nucleoli 

t fij?* inside the iiouth ; magnified 

kteo ’(Houle), 
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•Jposing it (d, fig. 3), is found chiefly lining the interior of the 
dxfcts of the compound glands, and more or less completely 
filling the small sacculations or acini, in which they ter- 
minate. It commonly indeed occupies ihe true secreting 
parts of all glands, azid hence is sometimes called glandular 
epithelium (6, c, and d, fig. 3). Often, from mutual pressure, 

Fig- 3.* 



the cells acquire a polygonal outline. Froni jthe fact, how- 
ever, of the term spheroidal epithelium being E' generic one 
for almost all gland^celld, the shapes and sizes of the cells 
composing this variety of epithelium! are, as might be ex- 
pected, very diverse in different parts of the body, 

3. The third variety is the cylmd^ad or columnar 

* Fig. 3. The gastric glands of the human stomach (magnified), 
a, deep part of a pyloric gastric gland (from Kdlliker) 5 the cylindrical ^ 
epithelium is traceable to the csecal extremities. 6 a|id c, cardiac 
gastric glands (from Allen Thomson) ; b, vertical Mtion of a small 
portion of the mucous membrane with the glands magnified 30 diameters ; 
c, deeper portion of one of the glands, magnifieS.'tSs diameters, showing 
a slight division ofHlie tubes, andsa^FSacculated app^sranoe produced by 
the large glandular cells within them} d, cellldsar of;^ cardiac 

glands magnified 250 diameters. 
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epithelium (figs. 4 and 5), which extends from the cardiac 
orifice of the stomach along the whole of the digestive 
canal to the anus, and lines the jirinoipal gland-ducts which 


Pig. 4.* 



upon the mucous surface of this tract, 

•hout their whole extent (a, fig. 3), but in « 
only at the part nearest to the orifice [b and c). It is alsc 


Fig* 5-t 



found in the gall-bladder fmd in the greater portion of the 
ure&a, and in some other parts, as the duct of the parotid 
gland and of the testicle. It is composed of oblong celh 
closely j>acked, and placed perpendicularly to the surface 
they cover, their deeper or attached extremities being mosi 


1 Fig. 4. Cylindrical epithelium from inteetioaX villus of a lUbbit ; 
niaj^&ed 300 diuiu&ters <from RdlUker). 

. 4 1% Cylmders^of the intestinal epithelium {after Hcnle) 

.;i^,^ ||poza the j«jtmum ; o. cylinders of thsi intestinal epithelium as- 
looking bn free extremities^; n, ditto, as seen on a 
section of a ,viilus» ' / ' , 
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commonly smaller that those which are free. Each of such 
cells encloses, at nearly nfld distance between its base and 
apex, a flat nucleus with nucleoli (n, flg. 5) ; the nuclei 
being arranged at such heights in contiguous cells as not 
to interfere with each other by mutual pressure. 

4 . The fourth variety of epithelium cells, usually 
^iudricaly, but occasionally of some other shape, are pro- 
vided at their free extremities with several fine pellucid 
pliant processes or cilia (figs. 6 and 7 ). This form -of epi- 
thelium lines the whole respiratory tract of mucous ^mem- 
br^e and its prolongations. It occurs also in some parts 


Fuj. ey • ^ 7-t 



of the generative appi^ratus * in the male, lining the vam 
efferentia of the testicle, and their prolongations as far as 
the lower end of tlie epididy^mu ; and, in iSie female com- 
mencing about tiie middle of the negjc of the uterus, and ex- 
tending to the fimbriated extremities of the Fallopian tubes,, 
and for a short distance along the peritone^ surface of the 
latter, A tesseUited epithelium, with scales partly covered 
with cilia, lines, in great part, the interior of the cerebyal 
ventricles* 

If a portion of ciliary mucous membrane from a living qp 
recently dead animal be moistened and examined with a* 
microscope, the cilia are observed to be in i^nstant motioh, 

* Fig. 6. Spheroidal ciliated icells from the mouth of the frog ; 
magnified 300 dklheters fShai'peypiJi ^ 

t Fig. 7. Columnar ^piliated epi^eliurri cctl| iipojj^ the human naswil 
membrane ; magnified 300 diameters (Sharp^i^ 


j> 
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moving continually backwards and forwards, and alter* 
nately rising and falling with a lashing or fanning 
movement. The appearance is not unlike that of the 
waves in a field of corn, or swiftly running and rippling 
water. The general result of their mctvements is to pro- 
duce a continuous current in a determinate direction, and 
this iiiroction is invarmbly the same on the same surface, 
being usually in the case of a cavity towards its external 
orifice. . 

Uses, of Epithelium. — The various kinds of epithelium 
serve one general purpose, namely,, that of pr6tecting„jand 
at the same time rendering smooth, the surfaces on wliich 
they are placed. * But each, also, discharges a special office 
ip relation to the particular function of the membrane on 
which it is placed. V 

In mucous add synovial membranes it is higlily probable 
that the epithelium-cells, whatever be their forms and what- 
ever their other functions, are tho org^s in which by a 
regular process of elaboration and secretion, such as will be 
afterwards described, muciis^'and synov\al fluid are formed 
and discJiarged, (See chai)ter on Secretion.) 

Ciliated wpi^^elium has another superadded function. "By 
moans of the current set up by its cilia m the air or fluid 
in contact with them, it is enabled to pi^bpel the fluids 
or flSnute particles of solid matter, which come within 
the range of ' its inflewmee, and aid in their expulsion 
from the body. In the respiratory tract of mucous mem- 
brane the current set up in the air may also assist in 
the diffusion and dbange of gases, on which tho due 
c iteration of the blood depends. In the Fallopian tube 
the , direction of the ciirrent excited by the cilia is towards 
t^. ,^yity of ^e uterus, and may thus he of service in 
aidhtg * ^ progress of the ovum. Of the purposes served 
which line the ventricles th($ brain nothing 

' of laUai;^ motion and ibpcanmmstoaces 
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which it is influenced will be considered hereafter. (See 
chapter on Motion.) » 

Epithelium is devoid of blood-vessels, and lymphatics, j 
The cells composing it are nourished by absorption of 
nutrient matter from the tissues on which they rest ; and 
as they grow old they are cast off and replaced by new cells 
from beneath. / 

Areolar, Cellular, or Connective Tissue, \ , 

This tissue, which has received various name^ according 
to the qualities which seemed most important to the authors 
who have desenbed it, is meWith in some form or other in 
every region of the body; the areolar fissue of One dis- 
trict being, directly or indirectly, continuoug with that ef 
* Fig. S.» 



all others. In most parts of the body ‘this structure 
contains fat, but the qiuantity of the la^jjber is very variable, 
and in some few regions it is absent altogether (p. 38). < 

fig. 8. f ilanu?nts areolar iji larg 4 and smaller bundles, 1 

as seen under a magnifying power of ‘ 400 ^fenieiiers (Sharpey), 
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Probably no nerves tcte distributed to areolar tissxie itseK, 
although they pass through it to other structures; and 
although blood-vessels aro supplied to it, yet they are 
sparing in quantity, if we except those destined for the fat 
which is held in its ineshes. ^ 

Under the microscope areolar tissue seems composed of 
a meah-work of fine jSbres of two kinds. The first, which 
makes up the greater part of *i3ie tissue, is formed of, very 
fine white structureless fibres, arranged closely in bands and 
bundles, of wave-Kke appearance when not stretched out, 
and crossing and intersecting in all directions (fig. . 8 ). <«The 
second kind, or the yellow elaistic fibre (fig* lO), has a much 

e 

Fig* 9 * 



sharper and darker "outline, and is not arranged in bundles, 
but intimately mangled with the first variety, as more Or 
less separate and well-defined fibres, which twist among and 
' around the bundl^. of white filaments (fig. 9 ). Sometimes 


view of areolar tiwues (from ditferewt parts) 
treated with jacfetic aeld. The white filanTOtsare no longer seen, and 
, tht yeliorw or elastic fibres with the nuclei, oqiu^u into view. At c, 
wind roojad a bundle, white fibres, which, by the effect 
is out betwe^' the tunwli Some connective tissue 

ore i^tincfiyaypresented'in c (^rpey)*, ^ , 
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• the yellow fibres divide at their ends and ahastomose with 
eAch other by means of the.branches. Among the fibrous 
parts of areolar or connective tissue are little nuclear 
bodies of various shapes, called comeetive-tissue corpuscles 
(fig. 9, -c.), some of which are prolonged at various points 
of their outline into small processes which meet and join 
others like them proceeding from their neighbours. 

The chief functions of areolar tissue seem to consist in 
the investment and mechanical support of various parts, 
and as a connecting bond between sixcb structures as may 
need it. The connective-tissue corpuscles, whith, ’accord- 
ing* to Beale, are small branched particles of germinal 
matter or protoplasm, probal>i^ minister to the nutrition of 
the texture in which they are seated. 

In various parts ^f tlie body, 
each of the two constituents of 
areolar tissue which have been 
just mentioned, n^ay exist sepa- 
rately, or nearly so. Thus ten- 
dons, fascim; and the like moye 
or less inelastic structures, • are 
formed almost exclusively of the 
white fibrous tissue, arranged ac- 
cording to the purpose required, 
either in parallel ' bundles or 
membraneous meshes ; while the 
yellow elastic fibres ar^ found to 
make up almost alone such elas- 
tic structures as the vocal cords, 
the ligamenta subflava, etc., and 
to enter largely into the composition of the Wood-vessels,* 
the trachea, the lungs, and many other paiiia of the b(4y- * 


10 .* 



* Eig. 10. Elastic from iflie msigmfied 

about ^00 diametetft (Sliai’pey). V ^ 
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^Adipose Tissue. 

In almost all f^gions of tlie human body a larger or 
smaller quantity of adipose or /a% tissue is present; the 
chief exceptions being the subcutaneougi tissue of the eye- 
lids, penis and scrotum, the nymphm 'and the cavity of 
the cranium. Adipose tissue is also absent i^om the sub- 
stance of many organsfjas the lungs, liver and others. 

Fatty matter, not in the form of a distinct tissue, is also 
widely present in the body, as the felt of the liver and 
brain, Of the blood and chyle, etc. 

Adipose tissue is almost always found seated in areolar 
tissue, and forms in its meslies little masses of unequal 
size and irregular shape, to which the term, lobules, is 
cbmmonly applied. Under the microscope it is found to 



consist essentially rf liWe vesicles or qdls about or 
TTi^th of an inch ih diai^eri^'^a^ cpm^^ a, struc- 
tureless and oolourl§^,mP]D^bran^ or^ bag^ filled with fatty 
^ li|4^id dmiiiif but in p^t solidified 

* d^ath. A nucleus is always present in some part or 
[ ot the ceU-walT; but in the ordin^ condition of the 

I ^ fttoter of fat-ceHs ; jiagidied 150 diameters 
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cell it is not easily or always visible. The ultimate cells are 
held together by capillary. blood- vessels; while the little 
clusters thus formed are g^buped into small masses, and 
held so, in most cases, by areolar tissue. Hie oily matter 
contained in the cells is composed chiefly of the compounds 
of fatty acids with' glycerin, which are named olein, stearin, 
anSTpalmitin. 

It is doubtful whether lymphatics or nerves are supplied 
to fat, although both pass tlirough it on their way to other 
structures. . . ‘ * 

Among the uses of fat, these seem to be the thief : — 

f. It serves as a store of combustible matter w'hicli 
may be re-absorbed into fhe blood when occasion re- 
quires, and being burnt, may help to preserve the heat of 
the body. , ^ • • • 

2. That part of the fat which is situate beneWh the skin 
must, by its want of conducting power, assist in preventing 
undue waste of the heat of the body by escape from the 
surface. 

3. As a pacldng material, fat serves very admirably to 
fill up spaces, to form a soft and yielding yet "elastic mate- 
rial wherewith to wrap tender and delicate structures, or 
form a bed with like ^ualidos on whidi such structures 
may lie, unendaug^ered by pressure. As good examples of 
situations in which fht serves such purposes may be men- 
tioned the palms of the hands, and soles of the feet, und 
the orbits. 

4. I^L the long bones, fatty tissue, in the form known as 

marrow, serves to fill up the medullary canal, and to sup- 
port the small blood-vessels which are distributed from, it 
to the inner part the substance of tlm bone* : : : * 


la various parts of the there sixists a oohsideiahle 

quantitjr of pigiUTOtsil'. matter^ in 

coat of the eye, at* the b.ai^. of the' the Jeldn. etc. 
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In all these cases the dark colour is due to the presence of 
so-called pigment-cellsf * 

Pigment-cells are for the most part polyhedral (fig. 12) 
or spheroidal, although sometimes they have irregular 
processes, as shown in fig. 13. The^ cell- wall itself is 
colourless, — the dark tint being produced by small dark 
grtmules heaped closely together, and more or less con- 
cealing the nucleus, ttielf colourless, which each cell 
contains. The dark tint of the skin, in those of dark com- 
plexion ■ and in the edloured races, is seated chiefly in the 

12** PHh 13 - 



epidermis, and depends on the presence of pigment-cells, 
which, except in the presence of the dark gr^ulcs in their 
interior, closely resemble the colourless cells with which 
they are mingled. The pigment-cells are 6itua|te chiefly, in 
the deep layer of the epidermis, or the so-caUed rete 
(See chapter on the Skin.) 


Fig. 12. Pigtiioi^t-cells tbs choroid ,* magnified 370 diameters 
still ;^hori1ig, seen on their surface ; a, nucleus 
y HoetL In the Other cells the nucleus is concealed by the 
' two cells seen in i^file 5 tlie outer or ppstcHOr 

Impart containling ^cai-cely saiy pi^ent. 

'1^ Bamified i>igtnent cells, from tjie, tisane of the choroid 
> magnified 350 dimeters (sfter KolUfcer). (it, with 
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The p igmentary mat ter is a very insoluLle compound 
df carbon, hydrogen, nitrogen an^jDxygen, — tlie carbon 
largely predominating ; besides, there is a small quantity 
of saline matter. 

The uses of pigment in most parts Of the body are not 
clear. In the eyeball it is evidently intended for the 
absorption of superfluous rays of light: 


Cartilage, 

Cartilage or gristle exists in different forms ’in the 
human body, and has been classified under two chief 
heads, namely, temporary and permanent cartilage ; the 
former term being applied to that kind of cartilage which, 
in the foetus and in young subjects, is destined to be con- 
verted into bone. ^ The varieties of pernJanent cartilage 
have been arranged in three classes, namely, the cellular^ 
the hyaline^ and the fibrous cartilages, — the last-named, 
beings again c<|pable of sut)division into two kinds, 
namely, elastic or yellow cartilage, and the so-called fihro- 
cartilage, ' ^ 

Elastic cartilage, however, contains fibres, and fibro- 
cartilage is more or less elastic ; it will be well, therefore, 
for distinction's sake' to term those two kinds white fibro- 
cartilage and yellow fibro-oartilage respectively. 

The accompanying table represents the classification of 
the varieties ot cartilage \ — 


1. Tenjporary. 

. ( A. Mhdar. 

2. Pcrnianent. < Hjalhie, 

# C. Fibrous 

All kinds of cartilage are 
in a substance called the matrm and the apparent 
differences of structure met with in the varicmfl kinds of 
cartilage ore more due to ^ereuces in character of 
'the m^triat than pf ^hc oellsi!> * Among ijike latt04 however, 
there^ is also considhrafale (Evefsity of ' ^ and size. 


r 'White fibro-cattilftge. 

\ Yellow fibro'Sartilage. 

composed of imbeddoA 
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Witli the exception of the articular variety, cartilage is 
invested by a tl^in but tough and firm fibrous membrane 
called the penchondrium. On the surface of the articular 
cartilage of the foetus, the perichondrium is represented by 
a film of epithelium ; but this is gradu*|lly worn away up 
to the margin; of the articular surfaces, when by use the 
parts begin to suffer^ friction. 

* I . Cellular cartilage tfiay be ireadily obtained from the 
temal ear of rats,^ mice, or other small mammals. It is com- 
posed almost entirely of cells (hence its name), with little 
or no matrix. The latter, when present, consists of very fine 
fibres, which twine about the cells in various directions and 
enclose them in a Hnd of network. The cells are packed 
very elasely together, — so much so that it is not easy in all 
caSea to make out the fine fibres often ei^circling them. 

Cellular cartilage is found in the human subject, only 

in early foetal life, when it 
constitutes |he Chorda dor- 
salis, (See chapter on Genera- 
.^tion.) 

2. HyqHne oartfiage is met 
with largely in ^ the hitman 
“ twdy, — investing the articular 
ends of b<me8, ^d forming 
the oos^ ci^ilages, t]|e nasal 
cartilag^^ and those , of the 
laiyaaj:, witlx the exception of 
the epiglottlk and cornicula 
Like other cartilages it is composed of cells 
ini^tidded in a 


Fi(j. 14.* 



’ Ejg. ,14, A thittl^ysr peelsd off frpmihs. surface of the cartilage 
M ihe hume^s, ehowiug flattened groups of oelU, The 

seon> but the linfitt the capsular 
^ they adjoin one anptheri' 5>ut family indicted. 
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The cells, wliich contain a nucleus with nucleoli, are 
irregular in shape, and generally grouped together in 
patches. The patches are of various shapes and sizes, and 
placed at unequal distances apart. They generally appear 
flattened near thf free surface of the mass of cartilage in 
which they are placed, and more or less perpendicular to 
the surface in the more deeply seated j^rtions. 

The matrix in which they are imbedded has a dimly 
granular appearance, like that of ground glass. 

In the hyaline cartilage of the ribs, the Cells are mostly 
lai^er than in the articular variety, and there ss a tendency 
to the development of fibres in the matrix. The costal 
cartilages also frequently becomo ossified in old age, as 
also do some of those of the^arynx. 

Temporary cartjjlage closely resemblee^ the ordinalry 
hyaline kind ; the cells, however, are not grouped together 
after the fashion just described, but are more uniformly 
distributed throughout the matrm, 

ArticulaT hyaline cartilage is reckoned among the so- 
called noil-vascular stmctures,^. no blood-vessels being sup- 
plied directly to its own substance; it^is nourished by 
those of the bone beneath,. When . hyaline cartilage is in 
thicker masses, as in the case of the cartilages of the ribs, 
a few blood-vessdi ^averse its substance. The distinction, 
however^ between • all so-called vascular and non-va8cuiq.r 
parts, is at the best a very artificial one. (See chapter on 
Nutrition.) 

Ne^es ^are probably ‘ not supplied to any variety of 
cartilage. ; , . 

Fibrous cartilage, as before mentioned, occijafs uijder t'jro 
chief forms, the yellow and the white j^bro-cax^^ge. * 

Yellow fibro-oartilage is found in the external ea^, in the 
^iglottis and wnuinua 

aro Touted or nd tli . ^ 

nudeoli. The ma|^ in ^ich they ai^'^ted 
a]lnoat .«atiie3y of me which . 
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laoemont about tho colls, and in thoir general charactora 
are allied to the yellow variety of fihrqus tissue (fig. 1 5). 

WJiite hbro-cartilago, which 
is mu(*h more widely distri- 
buted throughout the body, 
than the foregoing kind, is 
composed, like it, of cells and 
a matrix; the latter, however, 
being made up almost ejjtirely 
of fibres closely reseinbliug 
tlioso of whito fibrous tissue. 
In this kind of fibro-car- 
tilage it is not unusual to find a great part of its mass 
< omposed almost exclusively of fibres, and dt‘serviiig tho 
name of cartilage only from the fact that in another por- 
tion, ( ontinuous with it, cartilage cells may be pretty free]} 
distrilmted. 

The ditferent 8ituation^s in which wlut€\;fibro-cartilago is 
formed have given rise to the following classification : — 

1. Inter-artieular fibro-car^jilage, e ff,, tho semilunar car" 
tilages of the knee-joint. 

2. Circumfi^reiitial or marginal, os on the edges of tlio 
acetabulum and glenoid cavity of tho scapula. 

3. Connecting, e,g., the intc'r-vertebral librQ-cartilages. 

^ . Fxbro-c artilugc* is found in tho sheaths of tendons, 
Olid sometimes in their substance. In the latter situation, 
the nodule of fibro-cai»tiluge is called a sesamoid fibro-carti* 
lage, of which a specimen may be found in the tendon of 
the tibialis posticus, in the sole of tho foot, and usually in 
thp neighbouring tonddn of the }>eroneu6 longus. 

The uses of cai’tiloge are tho following; — ^in the joints, to 
fotm smooth suriaces for easy friction, and to act as a 
b^er^ in shocks ; to hind bones together, yet to allow a 
oertain degree of movement, as between th> vertebras ; to 

9 %^ IS- ^$CQtLou oi 'tbo epiglottis, inaguipcd 380 diamoteis (Dr. 

m 
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form a firm framowoTk and protection, yet without undue 
sliffuofls or weight, as in the larynx aud chest walls ; to 
deei)en joint-cavities, as in Uio acftabulum, yet not so as 
to restriefc the movements of the hones ; to ho, wliore such 
qualities are reqmrcd, firm, tough, Ilexible, elastic, and 
strong. 

Structure of Bones aud Teetlu 

Bone is composed of earthy and animal matter in thi» 
proportion of about 67 per cent, of tho former to ;j3 per 
cent, of tlio latter. The earthy uiuttor is composed diiolly 
of i )hosj)httte of but besides there is a smdll quantity, 
about IT of the 67 per ce^t., of carhos gte of 
minute quantities of some other salts. The animal matter 
is resolved into gelatine by boiling. The earthy and 
animal constituent^ of bone are sq intimatdiy blended and 
incorporated tho one with the oth<*r, that it is only by 
chemical action, as for instance, by heat in one case, and 
by the action of #eids in another, that they can be sepa- 
rated. ITieir close union, too, is further shown by the 
fact that when by acids the earthy matter is dissolved out, 
or, on the other hand, when tho animal i)art is burnt* out, 
tho general shape of the bone is alike preserved. 

To tho naked eye there appear two kinds of structure 
in different bones, and in difr<^ront parts of the same bone, 
namely, tbo dense or cow^^cf, and the cancellous tissue. 
TlfUs, in making a longitudinal section of a long bone, as 
tho humerus or fomux;, tho articular extremities are found 
eax^ped on their surface by a tliin shell of com%mct bone, 
while their interior is mode up of tho spongy or cancellous 
tissue. ThBshaftf on the other hand, is formed almost 
entirely of a thick layer of the compact bone, and this sur- 
Tounds a central canal, tho medullary oaviiy-Vso called firom 
its containing the medulla or marrow (p. 39), In the flat 
bones, as the •x)ari<3^Al bone <xt the scapula, one layer of 
the cancellous structure lies botve^een two layers of the 
compact tissue, and in the short und^irregular bones, at 
those of tho carpus and tarsus, the cancellous tissue alone 
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fills the interior, while a thin shell of compact bone forms 
the outside^ The spaces in th€P canceijbns tissue are filled 
by a species of marrow, which differs considerably from 
that of the Shaft of the long bones. It is more fiuid, and 
of a reddish colour, and contains very few fat cells. 

The surfaces of bones, except the^ parts covered with 
articular cartilage, are ^clothed by a tough fibrous mem- 
brane, the periosieum; and it is froii^' the blood-vessels 
which are distributed first in this membrane, that the 


Fi0, i6.* 



bones, especially their more compact tissue, aro in great 
part supplied with nourishtUent, — ^minute branches from 
the periosteal vessels entering the littlp foramina on the 
surface of the bone, and finding their way to tfie Haversian 
banala, to be immediately deSoribe^i The long bones are 

* ?ig. 16. section of cotiipact tisstlc (of humei-us) inag- 

^^bout 1^50 dmmetsra. Tbreo of the Hayet^eian canals are seen, 
With their ctmoentric rings; also the.oqtpuscles.or laouna>i, with the 
extending ft'om them across the direction of tho lainelhe. The 
filled with df^rie iu grinding down the 
4nd therefore ilgutOfY^hioh fepresents the 

j^ect aa^eWed with transmitted light '(after' ^arpey). 
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^ •auppliofl al«o by a proper nutrient artery, wbieli entering 
at*&ome part of tlie'jjjliafb bo as to reach the nioclnllarj' 

( ana], breaks up into branches for the supply of the marrow, 
from whic‘h again small vessels are distributed to tlio iute 
rior of the bone. Otlior small blood-vessels pierce the arti- 
cular (extremities for the supply of the raneollous tissue. 

NotwitJistanding tlio differences of arrangement just 
ineiitioned, the structure of all bone is found, under the 
microscope, to bo essentially the same. Examined wjth a 
rather high power, its substance is found occupied by 
imiltjtude of little spaces, called Jacuncp^ with very minub' 
canids or canahcith\ as they arf termed, leading from thorn, 
and anastomosing with aimily little i)rolongation8 from 
other lacuiuo (fig. i6). In very thin laj’ors of bone, no 
other canals than #tli080 may be 1?,^^ ly* 

visible j but on making a transverse 
hoction of the compact tissue, e.^., 
of a long bone, a%tho humerus or 
ulna, the arrangement shewn in 
fig. 1 6 can be seen. The bone stj<5ms 
mapped out into small (’ircular dis^ 
tri(‘ts, at or about the centre of each 
of w^hich is a hole, and around this 
an appearance as of concoutrio 
layers — ^the lacuna and tamlwnU fol- 
lowing the same concentric plan of 
(listribution around the small hole 
in the centre, with which, indeed, 
they communicate. On making a 
longitudinal section, the central 
holes arc found to be simply the out extremities of small * 
canals which run lengthwise through the bone (fig, 17), and 
_ _* _ 

Fig. 17. Hav^ismn tanala, sdSn iti a lon|;itudmal aoctioti of the 
compact tibsuo of tho shaft of one of tht‘ li> ig bojes. a, Arteiwl canal ; 

Vonotts canal ; c* Dilatation of another vouona canal* 
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* are called Hayersian canals; after the name of the physician,^ 
dopton Havers, who first accurately described them. 

The Haverifian canals, the average diameter of which 
is of an inch, contain blood-vessels, and by means oft' 
them, blood is conveyed to all, even the densest parts 
of the bone ; the minute canalicuU and lacume absorbing 
nutrient matter from the Haversian blood-vessels; and con- 
veying it still more intimately 4 o the very substance of the 
bone which they traverse. The blood-vessels enter the 
Haversia^. canals both from without, by traversing the 
small holdls which exist on the surface of all bones beneath 
the periosteum, and fromAvit^in by means of small channels, 
which extend from the medullary cavity, or from the can- 
cellous tissue. According to Todd and Bowman, the arteries 
and veins uiJually occupy separate cgnals, and the veins 
which are the larger^ often present, at irregular intervals, 
small pouch-like dilatations (fig, 17). 

The latfunm are occupied by nucleatijd cells, or, as Dr. 
Beale expresses it, minute portions of protoxdasm or 
germinal matter ; and the^ is every reason to believe that 
the lacunar cells ore homologous with the corpuscles of 
the connective tissue, each |ittle particle of protoplasm 
ministering ^ the nufrition of . the bone immediately 
surrounding and one lacunar particle communicating 
with another, and with its surrounding district, and with 
the blood-vessels of the Haversian canals, by mearts of 
the minute streams of fluid nutrient matter which occupy 
tte eanaUeuli. ' ■ ‘ 

B^des tbs' oODcentric lamella ot 1^00 tissue whi<^ 
Wirrouud fha Horersiaa cosbl ia the sbaik of a long bone, 


6 itf- odutts, near ibe - eircumfemiee, which 

bon%) an 4 are arranged concentrically 
to ilM mednUaiy canal 

' |id^saat8 of the hjmeZto. appears to be 

gg the surfhce of a bone 
|i|i!h .!l^ e^&iiy has :be*en temored by aci(^ 
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and examined with a high power of the microscope, it will 
We found composed, accoirding to Sharpey, of 'a finely 
reticular structure, formed appa- ig * 

rently of very slender fibres decus- 
sating obliquely, but coalescing at 
the points of intersection, as if here 
the fibres were fiised rather than 
w'oven together (fig. tS). 

In many places these reticular 
lamellce are perforated by tapering 
fibres, resembling in character the 
ordinary white or rarely the^eiastic 
fibrous tissue, which bolt the ^mgh- 
bouring lamellsB together, and may 
be drawn out when, the latter are torn asunder (fig. 19). 

Bone is developed after two dififerent fashions. In one, 
the tissue in which the earthy matter is laid down is a 
membrane, corapo^^d mainly of fibres and granular cells, 
like imperfectly developed connective-tissues. Of this kind 
of ossification in membrane, th© flat bones of the skull 
are examples. In the other, and much more common case, 
of wliich a Jong bone may be cited as an instance, the 
ossification takes place in cartilage. ^ 

In most bones ossification begins at more than one 
point; and, from the^se centres 0/ ceuficatim, aS.they are 
called, the process of deposition of calcareous matter 



advances in all directions. Bones grow by constant de- 
velopment of &e cartilage or membrane between these 
centres of ossiJfi,feation, until by the process of calc^catiou 
advancing at a qidoker rkte than the development of the^ 


softer structures, the bone becomes impregnated through* 


* Fig, 18. Thin layer peeled off from a softened hone, as it appears 
under a magnifying jjower of 4Qa'-This figure, which intended to 
represent the reticHlar strftcture i^} a lamella, a . better idea of the 

hbjeot when held rathej farther , off than usue| 'fe&m the eye (fi'om 
Sharpey). 
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out with calcareous matter, and can grow no more. In 
the long bones iho main centres of ossification are seat^ 
at the middle of the shaft, and at feach of the extremities. 
Increase of the len^k of bones, therefore, occurs at the part 
which intervenes between the ossifying centre in the shaft 


Ft’fj. ig* 



and that at each extreviity ; "while increase in tliickiiess takes 
place by the formation of layers of osse(^us tissue heuoath* 
the periosteum. The former is an example of ossification 
in cartilage ; the latter of ossification in membrane. 

• — A tooth is generally described as possessifig a 

vrouiiy vecky and fuug, or fangs. The crown is the portion 
Avliich projects beyond the level of the gum. The neck is 
tliat constricte<l portion just below the crown wdiich is 


* Fig. 19. Tjaiiicllff; torn ofl’ from a doo.ileifi<jd hnman paiietal bone 
at some 'b-ptb from the surface, a, a lamella, showing reticwler iibrcH ; 
/>, h, darker part, wl) ere several lamella; arc siiperi»oscd ; c, e, })i*rforal]ng 
lilu'Ch. Apertiiics through which perforating iibres had passed,, are seen 
esoodally in the lower part, a, of the fi^aire. Magnitude as seen 
noth r a jfower of 2oo,*but not drawn to a jicale (from a drawing by 
I)r. Allen Thomson). 
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embraced by the free edges of the gum, and the 
ihcludes- all below this. 

On making a longitudinal section through the centre 
of a tooth (figs. 20 and 2 1), 
it is found to be princi- 
pally composed of a hard 
matter, dentine or ivory ; 
while in the centre this 
dentine is hollowed out 
into a cavity resembling in 
general shape the outline 
of the tooth, and called the , 
f>nlj/-cavitij, from its containing a very vascailar and sensi- 
tive little mass composed of connective tissue, blood-vessels 
and nerves, wliieli^ is called the tooth^pulif. The pulp is 
c ontinuous below, through an opening at the end of the 
fang, with the mucous membrane of the gum. Capping 
that part of the «dcntiiie which projects beyond the level 
of the gum, is a layer of very hard calcareous matter, tin) 
('namely while shcatliing the 4)ortion of dentine whicli is 
beneath the level of the, gum, is a layer of true bone, called 
i\\a cement ov crusta petrosa* At the neck of the tooth the 
c ement is exceedingly thin, but it gradually becomes tliicker 
as it approaches and covers the lower end or apex of the 
fang. 

Dentine or ivory in chemical composition closely re- 
sembles bone. It contains, however, ratlier less animal 
matter; the proportion in ICX) parts being about 28 of animal 
matter to 72 of earthy. The former, like the animal matter 
of bone, may be resolved into gelatin by boiling. The 


* Fig. 20. Sections of an Iiieisor and Molar Jootli. — The longitudinal 
sections show tlie whole of the ])ulp-cavity in the incisor and molar 
teeth, its extension iipvftirds within the crown, and its prolongation 
downwards info the fan^fs, with the sr.v.'U apert^e at the point of each ; 
these and the cross section show the ivJati^n qf the dentine and enamel 
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earthy matter is made up chiefly of phosifliate of lime, 
with a small portion of the carbonate, and tra(;es of some 
other salts. 

Under the microscope, dentine is 
seen to he finely channelled by a mul- 
titude of fine tubes, which, by their 
inner ends, communicate with the 
pulp-cavity, and by their outer extre- 
mities come into contact witli the 
under part of thb enamel and (cement, 
and sometimes even penetrate them 
for a gyeater or less distance- In 
their course from the pulp-cavity to 
the surface of the dentine, these mi- 
nute tubes form •gentle and nearly 
parallel curves, and divide and sub- 
divide dichotomously, but without 
mtich lessening of Jiheir calibre until 
they are approaching therr peripheral 
terminittion. From their sides proceed 
other exceedingly minute secondary 
canals, which extend into the dentine 
between the tubules. 

The tubules of the dentine, the 
average diameter of which at their 
inner and larger extremity is of an inch, contain tine 
prolongations from the tooth-pulp which give the dentine 
a certain faint seni^tiveness under ordinary circumstances, 
and, without doubt, have to do also with its nutrition. 

* fig. 21, .Maguifird Longitudinal Section of a Bicus])jd Tooth 
(after lietzms) -!, the ivory or dentine, showing the diroctioii and 
primary curves of tlio (ipntal tubuli ; 2, the i>ulp-cavity, witli the 
small aportiir'*s of the mbuli into it ; 3, the cement or ernsta pedrosa, 
covering the fang aa high as the border of Hic eutSncl at tlie neck, 
exhibiting lacunae ; 4, tjje enamel resting on thg dentine ; this has been 
'w</m av^ay by use from the ujjper part. 


Fig. 21.* 




TEETH. 


^ Tlio enamely which is by far the hardest portion of a 
tooth, is c 3 t)mposed, chemic^ly, of the same elements that 
enter into the composition of dentine and bone. Its 
animal matter, however, amounts only to about 2 or 3 i)er 
cent. • 

I]xamined under the microscope, 22.* 

enamel is found composed of fine 
hexagonal fibres (figs. 22 and 23), 
which are set on end on the sur- 
face of the dentine, and fit into 
coryesponding depressions in tho 
same. They radiate in «uch a 
manner from tho dentine that at 
tlie top of the tooth they are more 
or less vertical, Tvhile towards the 
sides they tend to the horizontal 
direction. Like the dentine-tu- 
bules, tlioy are ^ot straight, but 
disposed in wavy and parallel 
curves. The fibres are marked by 
transverse lines, and are mostly 
solid, but some of them contain a 
very minute canal. 

The enamel itself is coated on 
the outside by a very thin calcified 
membrane, sometimes termed the 
nitkle of the enamel. 

The criJUita jyelrosa, or cementy is- composed of true bone, 
and in it are lacuna) and canaliculi which sometimes 
communicate with the outer finely-branched ends of the 
dentine-tubules. 

* Fij^. 22. Thill section of the eiifirael and a part of the dentine 
(from Kiilliker) a, cuticular pellicle of the enamel; &, enamel 
hhres, or columns with ffssures between then^and cross striro ; c, larger 
cavities in the enamel, communicating; with the extremities of some of 
the tubuli {d). 
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Development of Teeth . — ^The teeth are developed after the 
following manner : — Along thd free edge of the tooth- 
less gum in tho footus, there extends a groove, or small 


Fig. 23.* 



! 


trench, the primitive dental groove (Goodsir), and, from the 
hottom of this, project ten sn^all processes of mucous mem- 
brane, or pajnlldB, containing blood-vessels and nerves. As 
these grow up from below, the edges of the small 

trench begin to grow in towards each other, and over- 
shadow the%J^t the same time that each papilla is cut off 
from its neignbour by the extension of a parti ti(m wall 
from the gum, which grows in from each side to separate 
the one from the other. Thus closed in above and all 
around, each deoital^apilla is at length contained in a 
separate sac, and gradually assumes the character of a 
toqth by deposition on its surface of the various hard 
matters which have been just enumerated as composing 
the greater part of a tooth’s substance. The small vascular 

^ ■ 

* Fig. 23. Enamel fibres (from KblUker) fragmeuts and 

single iibres of the enaraelj isolated by the actibn of liydrocddoric acid. 
B, jsarface of a small I'ra^^mcut of eu^nol, showing the hexagonal oiids 
giC. the fibres. ^ 
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papilla is gradually eucroached upon and imprisoned by 
the calcareous deposit, until only a small part of it is left 
as the tooth-pulp, which remains shut up in the harder 
substance, with only the before-uiontioned small coinmuiii- 
fjation with the outside, tlirough the end of the fang. In 
this maimer the first set of teeth, or the milk-Uelh, are 
formed ; and each tooth, by degrees developing, presses 
at length on the wall of the sac enclosing it, and causing 
its absorption, is cut, to use a familiar phrase. 

The temporary/ or milk-teeth, having only a very limited 
teryi of existence, gnidually decay and are ^hed, wliTFd?" 
the permanent teeth i)iish Jheir way from beneath, by 
gradual increase and development, so as .to succ?eed them. 

Tlic temporary teeth are ten in each jaw, namely, four 
incisors, two canines^ and four molars, and arcf replaced by ten 
permanent teeth, each of which is developed from a small 
sac set by, so to speak, from the sac of the temporary tooth 
which precedes and called the cavity of reserve, Tlie 
number of the permanent teeth is, however, increased to 
sixteen, by. the development of three others on each side of 
the jaw after much the same fashion as that by whicii tJie 
milk teeth were themselves formed. The beginning of 
the development of the permanent teeth of course takes 
place long before the cutting of those which they are to 
succeed; one of the first acts of the newly-formed little 
dental sac of a milk-tooth being to sot aside a j)ortion of 
itself as the germ of its successor. 

The following formula shows, at^ glance, the com- 
j)arat:re arrangement and number of the temporary and 


permanent teeth : 

: — 
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From thi» formula it will be seen that the two bicuspid 
teeth in the adult are the successors of the two molars in 
the child. They differ from them, however, in some 
respects, the temporary molars having a stronger likeness 
to the permanent than to their immediate desoendants, the 
so-called bicuspids. The tett^porary incisors and caiiinos 
differ but little, except in their smaller size, from their 
successors. 


CHAPTER V. 

c 

THE 1|LOOD. 


Ai.Tirm'on it jnay seem, in some respects, unadvisable to 
describe the blood before entering upon the physiology of 
those subservient processes which have for their end or 
l)urpose its formation and development, yet there are 
many reasons for taking such a course, and we may 
therefore at^ once proceed to consider the structural and 
chemical eomix)sition of this*£[uid. 

Wherever blood can he seen under a moderately high 
microscope^power as it flows in tlie vessels of a living part, 
it appears a colourless fluid containing minute coloured 
particles^. The greater part of these particles are red, when 
seen in and they are the source of the colour which,^80 

far as tlie naked eye can see, belongs to every i)art of the 
blood alike. The colourless fluid is named liquor sanguinis ; 
the particles are the blood corpuscles or blood-cells, Ube struc- 
tural composition of the blood may bo thus expressed : — 


Lujuid Blood 


1 Corpuscles • . , 


j Liquor S^gninis | 

) Filiiin ) 

( or ri|ii(Dia. I 

1 Serum 


Clot (containing? also 
,morc or less senun). 


When blood flows from the living bpdy, it is 'a thickish 
heavy fluid, of a bright scarlet colour when it comes from an 
artery ; deep purple* dr iieindy black, when it flows from 
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a vein. Its specific gravity at 6o° F. is, on an average, 
lb55, that of water being Tcckonecl as 1000; the extremes 
consistent with healtli being 1050 and 1059. tempera- 
ture is generally about lOO® F. ; but it is not the same in 
all parts of the. body. Thus, while the stream is slightly 
warmed by passing through the liver and some other parts, 
it is slightly cooled, according to Bernard, by traversing 
the capillaries of the skin, llio temperature of blood in 
the left side of the heart is, again or 2® higher tlian in 
the right (Savory). • ' 

"Jlio blood has a slight allcaline reaction ; and emits afi^ 
odour similar to that which issues from the skin or breath 
of the animal from which it j^ows, but fainter. The alka- 
line reaction appears to.be a constant character of blood 
ill all animals and under all circumstances. * An exception 
lias been supposed to exist in the case of menstrual blood ; 
blit the a(‘id reaction which tliis sometimes presents is due 
to the mixture §f an acid mucus from the uterus and 
vagina. Pure menstrual bl6od, such as may be obtained 
with a speculum, or from the uteri of women who die 
diunug menstruation, is always alkaline, and resembles 
ordinary blood.- . According to Bernard, blood becomes 
spontaneously a^id after .removal from the body, owing to 
conversion of its sugar into lactic acid . 

3 ? blood is easily ^^ercjeived in the watery 
vapour, or halitus as it is called, which rises from blood 
just drawn : it may also be sot free, long afterwards, by 
adding to the blood a mixture of. equal parts of sulphuric 
acid and water. It is said to be not difficult to tell, by the 
likeness of the odour to that of the body, the species ^of 
domestic animal from which any specimen of blood has 
been taken : the strong odour of the pig op cat, and the 
peculiar milky smell of the cow, are«especially easy to be 
thus disOerned.in th^ir bjood (Borruel), 
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Quantity of ^ Blood. 

Only an imperfect indication of the wliole quantity of 
blood in tlie body is aflbrded by measurement of that 
which escapes, when an animal is rapidly bled to death, 
inasmuch as a certain amount always remains in the blood- 
vessels. In cases of less rapid bleeding, on tlie other 
hand, when life is more prolonged, and when, therefore, 
sufficient time elapses before death to allow some absorp- 
tion into the circulating current of the fluids of the body 
(p. 84), the 'whole quantity of blood that escapes ma}^ be 
greater than the whole average amount naturally present 
in the vessels. . ^ 

Various means have been devised, therefore, for obtain- 
ing a more accuVate estimate than that which results from 
merely bleeding animals to death. 

4fVVelckor’s method is the following. An animal is 
rapidly bled to death, and the blood whidi escapes is col- 
lected and measured. The blood remaining in the smaller 
vessels is then renrtJVed by the injection of water through 
them, and the mixture of blood and water tlius obtained, 
is also collected. The animal is then finely minced, and 
infused in water, and the infusion is mixed with the com- 
bined blood and water previously obtained. Some of this 
fluid is then brushed on a white ground, and the colour 
compared with that of mixtures of blood and w^ater whose 
proportions have been previously determined by measure- 
ment. In this way the materials are obtained for a fairly 
exact estimate of the quantity of blood actually existing in 
^he body of the animal experimented on. 

Another method (that of Vierordt) consists in estimating 
the amount of blood expelled from the ventricle, at each 
beat of the heart, and multiplying this quantity by the 
number of boats necessary for completing the ‘ round * of 
the circulation. This method is ingenious, but open to 
* various obiections. the most conclusive beincr the uncer- 
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taiuty of all the premisses on which the conclusion is 
founded. • 

Other methods depend on the results of injecting a 
known quantity of water (Valentin) or of saline matters 
(Blake) into the • blood-vessels ; the calculutioii being 
founded in the first case, on the diminution of the specific 
gravity which ensues, and in the other, on the quantity of 
tlie salt found diffused in a certain measured amount of 
the blood absti*acted for experiment. 

A nearly correct estimate was probably made by Weber 
and^Lelimann, from the following data. A criminal was 
weiglicd before and after decapitation ; the dillerence in 
tlie weight representing, of yourse, the /quantity of blood 
wliich escaped. TJie blood-vessels of the head and trunk, 
were then washed out by the injection of \fater, until tlic 
fluid wdiich escaped had only a pale red or straw colour. 
This fluid w^as then also weighed ; and the amount of blood 
which it represented was calculated, by compai’ing the 
proportion of solid matter contained in it, with that of tlie 
first blood which escaped on de<?apitation. Two exp)eriment8 
of this kind gave precisely similar results. 

The most reliable of these various means for estimating 
the quantity of blood in the body yield as nearly similar 
results as can be expected, w^hen the sources of error un- 
avoidably present in all, are taken into consideration ; and 
it may be stated that in man, the weight of the whole 
quantity of blood, compared with that of the body, is from 
about I to 8, to I to 10. 

It must be ‘remembered, however, that the Whole quan- 
tity of blood varies, even in the same animal, very consider-^ 
ably, in correspondence with the different amounts of food 
and drink, which may have been recently taken in, and 
the equally varying quantity of matter ^iven out. Bernard 
found by experiment^ that the quantity of blood obtainable 
from a fasting animal is scarcely mote than a half of that 
which is present soon after a full me^. ^The estimate above 
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given, must therefore be taken to represent only an approxi- 
mate average. -* 


Coagulation of tJis Blood, 

When blood is drawn from the body, and left at rest, 
certain changes ensue, which constitute a kind of rough 
analysis of it, and are instructive respecting the nature of 
some *of* its constituents. After about ten minutes, taking 
general average of many observations, it gradually clots 
or coagulates, becoming solid like a soft jellj'. The*'cl()t 
thus formed has at first the ^me volume and appearance 
as the tluid blood had, and, like it, looks cpiite uniform ; 
the only change seems to be, that the blood which wuis fluid 
is now solid. But presently, drops of transparent yellowish 
fluid begin to oo^e from the surface of the solid clot ; and 
these gradually collecting, first on its upper surface, and 
then all around it, the c/ot or crassamentum,^* diminished 
in size, but firmer than it was before, floats in a quantity 
of yellowish fluid, which is named semm^ the quantity of 
which may continually increase for from twenty-four to 
forty-eight hours after the clotting of the blood. 

The changes just described may be thus explained. Tlic 
liquor sanguinis, or liquid part of the blood ({>;> 56), C(msists 
of a thin fluid called serum, holding fibrin in solution.’*^ 
Tlie peculiar property of fibrin, as already said, is its ten- 
dency to become solid when at rest, and in some other 
conditions. When, therefore, a quantity of blood is drawn 
from the vessels, the fibrin coagulates, and tlie blood cor- 
puscles, with part of ’the serum, are held, or, as it were, 
entangled in the solid substance which it forms. 

But after healthy fibrin has thus coagulated, it always 


* Tlii« statement has-been left unaltered in tJio text j but, as will be 
seen farther on, it requires modification.— (E d.) 
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cuuMoum ; and "what is generally described as one process 
of coagulation should rather be regarded as consisting of 
two parts or stages ; namely, first, the simple act of clot- 
ting, coagulating, or becoming solid ; and, secondly, the 
contraction or ^condensation, of the solid clot thus formed. 
By this second act much of the serum which was soaked 
in the clot is gradually pressed out ; and this collects in 
the vessel around the contracted clot. 

Thus, by the observation of blood within the vessels, and 
of the changes which commonly ensue when it is' drawn 
from them, wo intiy distinguish in it three prindpal consfi^'^. 
tuents, namely, 1st, the fibrin, or coagulating substance; 
2tid, the serum ; 3 rd, the coj^usclei^. 

That the fibrin is the onj^ spontaneously coagulable 
matcrijil in the blc^d, may be proved in many ways ; and 
most simply by employing any means whereby a portion 
of the liejuor sanguinis, ie,, the serum and fibrin » can be 
separated from red coi-puscles before coagulation. 
Under ordinary circumstances coagulation occurs before 
tlie red corpuscles have liad J;imo to subside ; and thus, 
from their hoing entangled in the meshes of the fibrin, the 
clot is of a deep dark red colour throughout, — somewhat 
darker, it may be, at tlio most dependent i)art, from a(icu- 
mulation of red cells, but not to any very marked degree. 
If, liowover, from any cause, the red cells sink more 
(piiokly than usual, or the fibrin contracts more slowly, 
then, in either of these cases, the red corpuscles may be 
observed, while the blood is yet fluid, to sink below its 
surface; and the layer beneatlx whieh they have sunk, and 
which has usually an opaline or greyish white tint, wp 
coagulate without them, and form a white clot consisting' 
of fibrin alone, or of fibrin with entangled white cor- 
puscles; for the white corpuscles, being very light, tend 
upwards towards the surface of the fluid. The layer of 
white clot which is thus formed rests on the top of a 
coloured clot of ordinary character, iX, of one in which 
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the coagulating fibrin has entangled the red corpuscles 
while tliej^ were sinking; and, thus placed, it constitutes 
what has been called sl huff if coat. 

When a buffy coat is formed in “the manner just de- 
scribed, it commonly contracts more tlian the rest of the 
clot does, and, drawing in at its sides, produces a cupped 
appearance on the top of the clot. 

In certain conditions of the System, and especially when 
tliere exists some local inflammation, this buffed and 
cupped' condition of the clot is well marked, and there lias 
‘‘Seen much discussion concerning its origin under these 
(‘ircumstances. It is now generally agreed that two causes 
combine to produce it. 

In the first place, the tendency of the red corpuscles to 
form rouleauxift (see p. 73) is much exgggorated in inliam- 
luatory blood ; and as their rate of sinking increases with 
their aggregation, there is a ready explanation, at least in 
part, of the colourless condition of tli^ top of the clot. 
And in the next place, inflammatory blood coagulates less 
rapidly than usual, and thps there is more time for the 
already rapidly sinking corpuscles to subside. The colour- 
less or buffed condition of the upper part of the clot is there- 
fore, readity accounted for ; while the cupi)ed appearance is 
easily explained by the greater power of contraction pos- 
sessed by tlie fibrin of inflammatory blood, and by its 
contraction being now not interiered with by the i)resonce 
of red corpuscles in its meshes. 

Although the appearance just described is commonly 
the result of a condition of the blood in which there is an 
increase in the quantity of fibrin, it need not of necessity 
so. For a very different state of the blood, such as 
that which exists in chlorosis, may give rise to the same 
appearance ; but in .this case the pale layer is due to a 
relatively smaller amount of red co^uscles, not to any 
increase in the quantity of fibrin. 

It is thus evident that the coagulation of the blood is due 
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•to^its., librin. The cause of the coagulation of the fibrin, 
however, is still a mystery. , 

The theory of Prof. Lister, that fibrin has no natural 
tendency to clot, but -that its coagulation out of the body 
is due to the action of foreign matter with which it 
liappens to T)e"T)rought into contact, and, in the body, 
to conditions of the tissues, which cause them to act 
towards it like foreign matter, is insufficient,* because 
even if it be true, it still leaves unexplained the manner 
in which the fibrin, fluid in the living blood-vessels,* can, 
by foreign matter, be tlius made solid. • If it uL*' 
a fact, it is a very important one, but it is not an 
explanation. 

The same remark may be applied also to another theory 
whicli differs froin^ the last, in that whih) it admits ft 
natural tendency on the part of the blood to coagulation, 
it supposes tliat this tendency in tlie living body is re- 
strained by some inhibitory power resident in the walls of 
the containing vessels. This also may, or may not, be 
true ; but it is only a statement of a possible fact, and 
leaves unexplained the manner in which living tissue can 
tlius restrain coagulation. 

Dr. Draper believes that coagulation takes place in the 
living body, as out of it, or as in the dead ; but in the one 
case the fibrin is picked out in the course of the circu- 
lation by tissues which this particular constituent of 
the blood is destined to nourish ; in the others, it remains 
and becomes evident as a clot. This explanation is inge- 
nious, but requires some kind of proof before it can be 
adopted. 

Concerning other theories, as for instance, that coagu- 
lation is due to the escape of carbonic acid, or of ammonia, 
it need only be said that they hg-ve been completely 
disproved. 

We must, therefore, for the present, believe that the 
cause of the coagulation of tlio blood^has yet to be die- 
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covered; but some very interesting observations in con- 
nexion with the subject have been re(?ently made, and seem 
not unlikely to lead in time to a solution of tliis difficult 
and most vexed question. The .observations referred to 
liave been made independently by 41exander Sclimidt, 
although he was forestalled in regard to some of his ex- 
periments by Dr. Andrew Buchanan of Glasgow, many 
years ago. 

When blood-serum, or washed blood-clot, is added to 
the lluid of hydrocele, or any other serous effusion, it 
^'speedily causes coagulation, and the production of true 
fibrin. And this phenomenon occurs also on the ad- 
mixture of serous effusions from different parts of the 
body, as that of hydrocele wuth that of ascites, or of cither 
\vith fluid fr#m the cavity of tlie pleura. Ollier sub- 
stances also, as muscular or nervous tissue, skin, etc., 
have been found also able to excite coagulation in serous 
fluids. Thus, fluids which have little ,or no tendoncy to 
coagulate when left to themselves, can be made to produce 
a clot, apparently identical with the fibrin of blood by 
the addition to them of matter which, on its parf, was not 
known to have ,«viy special relation to fibrin. As nniy be 
supposed, the coagulation is not alike in extent under all 
these circumstances. Thus, although it occurs when ap- 
parently few or no blood-cells exist in either constituent of 
the mixture, yet the addition of these very much increases 
the effect, and their presence evidently has a very close 
connexion with the process. From the action of the huffy 
coat of a clot, in causing the appearance of fibrin in serous 
effusions, it may be inferred that the pale as well as the 
Ved corpusMjles are influential in coagulation under these 
cinjumstances. Blood- crystals are also found to be effec- 
tive in producing a glot in serous fluids. 

The true explanation of these very curious phenomena 
is, probably, not fully known ; but Schmidt supposes that 
in the act of fonflation of fibrin there occurs the union 
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of two substances, which he terms fibrino-plastin and 
fibrinogen. * 

The substance which he terms fibriuo-j)laBtin, and which 
he has obtained, not only from blood, but from many 
other liquids and sdlids, as the crystalline lens, chyle and 
lymph, connective tissue, etc., which are found capable of 
exciting coagulation in serous fluids, is probably identical 
with the globulin of the red corpuscles. 

The fil)rinogenou8 matter obtained from serous effusions 
differs but little, chemically, from the fibrino-plastin. ^ ♦ 

Thus in the experiment before mentioned, the globulin 
or fibrino-plastic matter of ihe blood -cells, in the clot, 
causes coagulatiou by uniting •with the fibrinogen present 
in the fiydrocele-fiuid. And whenever there occurs eoagu-, 
lation with the production of fibrin, whether in ordinary 
blood-clotting, or in the admixture of serous effusions, or 
in any other way, a like xmion of these two substances may 
be supposed to occflr, 

Tlie main result, therefore, of these very interesting 
experiments and observations htis been to make it probable 
that the idea of fibrin existing in a liquid state in the 
blood is founded on a mistaken notion of its real nature, 
and that, probably, it does not exist at all in solution as 
fibrin, but is formed at the moment of coagulatiou by 
tlie union of two substances which, in fluid blood, exist 
separately. 

The theories before referred to, concerning the coagu- 
lation of the blood, will therefore, if this be true, resolve 
themselves into theories concerning the causes of the union 
of fibrino-plastin and fibrinogen ; and whether; on the ond , 
hand, it is an. inhibitory action of the giving blood-vessels- 
that naturally restrains, or a catalytic action of foreign 
matter that excites, the union of these tViO substances. 
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Conditions affecting Coagulation. 

Although the coagulation of fibrin appears to be spon- 
taneous, yet it is liable to be modified by the conditions in 
which it is placed ; such as temj^raturei) motion, the access 
of air, the substances w^ wMch it is in contact, the mode 
of death, etc. All these conditions need to be considered 
in the study of the coagulation *bf the blood. 

The coagulation of the blood is hastened by the follow- 
^ing means : — 

1. Moderate warmth, — from about 100° F. to 120'" F. 

2. Rest is favourable to th^ coagulation of blood. Blood, 
of which the whole ?i^ss is^ kept in uniform motion, as 
when a closed vessel omiplete^ filled with it is constantly 
moved, coagulates very slowly and imperfectly. But rest 
is not essential to coagulation ; for the coagulated fibrin 
may be quickly obtained from blood by stirring it with 
a bundle of small twigs ; and whenever! any rough points 
of earthy matter or foreign bodies are introduced into 
the blood-vessels, the blood ^on coagulates upon them. 

3. Contact with foreign matter, and especially multi- 
plication of the points of contact ^ Thus, when all other 
conditions are unfavourable, the blood will coagulate upon 
rough bodies projecting into the vessels ; as, for example, 
upon threads passed through arteries or aneurismal sacs, 
or the heart’s valves rolighened by inflammatory deposits 
or calcareous aecumnlations. And, x>^^bap8, this may 
explain the quicker coagulation of blood after death in the 
heart with walls made irregidar by the fleshy columns, 

^ than in the simple smooth-walled arteries and veins. 

4* The free access of air. 

S’ Qoagulation is quicker in sht^ow, than in tall and 
narrow vessels. • 

6. The addition of less than twico^the bulk of water. 

The blood hist drawn is said to coa^ate more quickly 
than that whidi is first let out. 
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The coagulation of tlie blood is retarded by the following 
meaus : — * 

1. Cold retards the coagulation of blood ; and it is said 
that, so long as blood is kept at a temperature below 40° 
F., it will not coagulate at all. Freezing tlie blood, of 
course, 2)revents its coagulation; yet it will coagulate, 
though not iirraly, if thawed after being frozen ; and it 
will do so, even after it has been frozen for several months. 
Coagulation is accelerated, but the subsequent contraction 
of the clot is liindered, by a temjierature between lOO^^ an^.f' 

1 20 ° : a higher temperature retards coagulation, or, by 
coagulating the albumen <®f the serum, prevents it 
altogether. » 

2. The addition of water in greater proportion than, 
twice the bulk of tbte blood. 

3. Contact with, living tissues, and especially with the 
interior of a living blood-vessel, retards coagulation, 
althougli if the bl( 9 od be at rest it does not prevent it. 

4. The addition of the alkaline and earthy salts in the 
juoporiion of 2 or 3 per cent, and upwards. When added 
in largo proportion most of these saliile substances 2)re- 
vent coagulation altogether. Coagulation, however, en- 
sues oil dilution with water. The time that blood can be 
thus 2)reserved in a liquid state and coagulated by the 
addition of water, is quite indefinite. 

5. Im2)erfect aeration, — as in the blood of those who die 
by aspl^^xia. , 

6. In inflammatory states of the system, the blood coa- 
gulates more slowly although more firmly. 

7. Coagulation is retarded by exclusion of the blood « 

from the air, as by pouring oil on the surface, etc. In 
vacuo, tlie blood coagulates quickly ; l^Ut Prof. Lister 
thinks that the rapidity of the process *1% due to the bub- 
bling which ensues ffiom the escape of gas, and to the 
blood being thus brought more freely int^ contact with the 
containing vessel. ^ 

F 2 
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The coagulation of the blood is prevented altogether by 
the addition of strong acids and caustic alkalies. 

It has been believed, and chiefly on the authority of Mr. 
Hunter, that, after certain modes of death, the blood does 
not coagulate; he enumerates the death by lightning, 
over-exertion (as in animals hunted to death), blows on the 
stomach, fits of anger. He says, I have seen instances 
of them all.” Doubtless ife had done so ; but the results 
of such.events are not constant. The blood has been ol’teu 
i:,Qhserved coagulated in the bodies* of animals killed bj'^ 
lightning or an electric shock ; and Mr. Gulliver ^ha.s 
published instances in which he found clots in the hearts 
of hares and stages hunted tQ death, and of cocks killed in 
fighting. 

c 

A 

Chemical Composition of the Blood. 

Among the many analyses of the blood that have been 
published, some, in which all the constituents are enume- 
rated, arc inaccurate in their statements of the proportions 
of those constituents ; others, admirably accurate in some 
particulars, are incomplete. The two following tables, 
constiueted chicily from the analyses of Denis, Lecanii, 
Simon, Nasse, Lehmann, Becquerel, llodier, and Gavarret, 
are designed to combine, as fur as possible, the advan- 
tage of accuracy in numbers with the convenience of 
presentiiig at one view, a list of all the constituents of the 
blood. 

Average proportions of the principal constituents of the 


blood in 1,000 parts ; — 

• Water 784* 

li<*d corpuscles (solid residue) . . .130* 

Albumen of scrilm . . • . .... 70* 

Saline matters < . . . . . . 6*03 

Extractive, fatty, and other matters . . . . , 777 

Fibrin . .'2*2 
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• . Average proportions of all the constituents of the blood 
in I,CXX) parts : — , 


“Water 784- 

Albumen 70- 

Fibrin . . , 2*2 

Bed cori)U8cles (di'y) 130* 

Fatty Matters 1-4 

I iiorf^anic Salta : Chloride of sodium . . . . 3*6 

Chloride of potassium . . . 0*35 

Tribasic phosphate of soda . . 0*2 

Carbonate of soda . . . .0*28 

Sulphate of soda . . . ♦ 0-28 

Phosphates of lime and magnesia . 0*25 

Oxide and Pleosphate of iron . . o *5 

'Extractive mattei-s, biliary colouring matter, gases, 

and accidental substances 6 ‘40 

• 


lOOO- 

Elementary composition of the dried blood of the ox : — 


Carbon . • • . . . . . • 57*9 

Hydrogen . . 7*1 

Nitrogen 17 ’4 

Oxygen ' . » .... 19-2 

Ashes 4*4 


These results of the ultimate analysis of ox’s blood afford 
a remarkable illustration of its general purpose, as supply- 
ing the materials for the renovation of all the tissues. For 
the analysts (Playfair and Boeckmann) have found that 
the flesh of ,the ox yields the same elements in so nearly 
the same proportions, that tlie elementary composition of 
the organic constituents of the blood and flesh may be con- 
sidered identical, and may be represented for both by the 
formula 

The Stood' Corpuscles or Blood-Cells, 

It has been already said, that the clot of blood contains, 
with the flbrin and tlie portion of the iserum that is soaked 
in it, the blood-corpi&cles, or blood cells. ^Of these there are 
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two- principal forms, the red and the white corpuscles. 
When coagulation has taken place quickly, both kinds of 

Fig, 24.® 


Mammals. Birds. Reptilas. Amphibia. Fish. 



• Tlte above is somewhat altered from a drawing, by Mr. 

Qullireryin the Proceed. Zool. Society, and exMbitsthe typical characters 
of the red blood’Cells the main divisions the Vertebrata. The 
fiaetions are those of an inch, and represent the average diameter. In 
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' corpuscles may be uniformly’ diffused throug^h the clot; 
but, when it has been slow^ the red corpuscles, being the 
heaviest constituent of the blood, tend by gravitation to 
accumulate at the bottom of the clot ; and the white cor- 
puscles, being among the lightest constituents, collect in 
the upper part, and contribute to the formation of the 
buffy coat. 

The human red blood-cells or blood-corpuscles . 25 and 
29) are circular flattened disks of different sizes, the majority 
varying in diameter from ^ TirW andhbout 

y Q Q of an in(!h in thickness. When viewed singly, thfey^ 
apjfear of a pale yellowish tinge ; the deep red colour which 
tliey give to the blood being ‘observable in ihem only when 
they are seen en masse, Theil* borders are rounded ; their 
surfaces, in the peifect and most usual stat^, slightly con^ 
cave ; but they readily acquire flat or convex surfaces 
when, the liquor sanguinis being diluted, they are swollen 
by absorption of fluid. They are composed of a colourless, 
structureless, and trc^njBparent filmy framewoilc or stroma 
infiltrated in all parts by a red colouring-matter; termed 
hcemoglohin. The stroma is tough and elastic, so that, as 
the cells circulate, they admit of elongation and other 
changes of form, in adaptation to the vessels, yet recover 
their natural shape as soon as they escape from compres- 
sion. The term cell, in i&e sense of a bag or sac, is inap- 
plicable to the red blbod-corpusele and it must be con- 

the case of the oval cells, only the long diameter is here ^ven. It is 
remarkable, that although the size of the red blood-cells varies so much 
ill the (Ufleront classes of the vertebrate kingdom, that of the white 
corpuscles remain^ comparatively uniform, and thus they are, iii some 
animals, much greater, in others much less than the red corpuscle^ 
existing side by side with them. 

It may be here remarked, that the appearance of a nucleus in the red 
blood-cells of birds, reptiles, amphibia and fiiSh has been shown by Mr. 
Savory to be the result^ of post-mortem change ; no nucleus being 
visible in the^ cells as they circulate in the living body, or in those 
which have just escape! from the blood < *, essellT 
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eidored, if not solid tbrougLout, yet as having uo auvn • 
variety of consistence in different ports as to justify the 
notion of its being a membranous sac with fluid contents. 
The stroma exists in all parts of its substance, and the 
colouring-matter uniformly pervades this, and is not merely 
surrounded by and mechanically enclosed within the outer 
wall of the corpuscle. The red corpuscles have no nuclei, 
although, in their usual ^state, the unequal refraction of 
transmitted light gives the appearance of a central sx>ot, 
brighter or darker than the border, according as it is 
f^kwed in qr out of focus. Their specific gravity is about 
1088. • 

In examining a number of red corpuscles with a micro- 
scope, it is easy td observe certain natural diversities among 
them, though &ey may have been all taken from the same 
part. The great majority^ indeed, are very uniform ; but 
some are rather larger, and the larger ones generally 
appear paler and less exactly circular than the rest ; their 
surfaces also are, usually, flat or slightly* convex, tliey often 
contain a minute shining particle like a nucleolus, and they 
are lighter than the rest, floating higher in the fluid in 
which they are placed. Other deviations from the general 
characters assigned to the corpuscles, depend on changes 
that occur after they are taken from the body. Very ix>m- 
monly they assume a granulated or mulbeny-Eke form, in 
consequence, apparently, of a peculiar oorrugation of their 
cell-walls. Sometimes, from the same cause, they present 
a very irregular, jagged, indented, or star-like appearance. 
The larger cells are much less liable to this change than 
the smaller, and the natural shape may be restored by 
^diluting the fluid in which the oorpusdes float ; by such 
dilution the corpuscles, as already said, may be made to 
swell up, by absorbing the fluid ; and, if much water be 
H4ded, they will become spherical and pellucid, their 
«!«douring matter being dissolved, and, as it were, washed 
out of them. Some, of them may thus be burst ; the others 
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•are made obscure ; but many of these latter may be brought 
iuto view again by evaporating, or adding saline matter to, • 
the fluid, so as to restore it to its previous density. The 
clianges thus produced by water are more quickly cfrcctcd 
by weak acetic acid, which immediately makes the cor- 
puscles pellucid, but dissolves few or none of them, for 
the addition of an alkali, so as to neutralise the acid, will 
restore their form though not their colour. 

A peculiar property of the red corpuscles, which is exag- 
gerated in inflammatory blood, and which appears , to exist 
in a marked degree in the blood of horses, may bo hete* 
noticed. It gives them a great tendency to adhere together 
in roils or columns, like i)ifes of coins, and then, very 
quickly, these rolls fasten together by their ends, and 
cluster ; so that, when the blood is spread out thinly on aP 
glass, they form a kind of irregular network, with crowds 
of corpuscles at the several points corresponding with the 
knots of the net (fig. 25). Hence, 
the clot formed in such a thin 
layer of blood looks mottled 
w'ith blotches of pink upon a 
wdiite ground : in a larger quan- 
tity of such blood, as soon as 
the corpuscles have clustered 
and collected in rolls (that is, 
generally in two or three minutes 
after the blood is drawn), they , 
begin to sink very quickly; for in the aggregate they pre- 
sent less surface to the resistance of’ the liquor sanguinis 
than they would if sinking separately. Thus quickly sink- 
ing, they leave above them a layer of liquor saiiguinis, ' 
and this coagulating, forms a buffy coat,^ as before de- 
scribed, the volume of which is augmented by the white 
corpuscles, which have no tendency to adhere to the red 
ones, and by tlieir lightness float up cl^ar of them. 

* Fig. 25. Rod corpuscles collected into r^ls (after Houle.) 
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Chemical Gamposition of Red Blood -celU, 

It has been before remarked that the red blood-corpuscles 
are formed of a colourless stroma, infiltrated with a colour- 
ing matter termed hemoglobin. As , they exist in the 
blood they contain about three-fourths of their weight of 
wmier. 

The strpma appears «fcto be composed of a nitrogenous 
proximate principle termed protagon^ cpmbined with albu- 
minous matter (paraglobulin or fibrinoplastin), fatty mat- 
t^rs including cholesterin, and salts, chiefly phospliates, of 
potash, soda and lime. ^ 

Iliemoglobiii, which enters far more largely into the com- 
position of the red corpuscles than any other of their con- 
stituents, is aUied to albumen in some respects, but dilfcrs 
remarkably from it in others. One of its most marls ed 
distinctive characters is its tendency under certain arti- 
ficial conditions to crystallisse ; the sp-called hlood-vrys- 
tnh being but the natural crystalline forms assumed by 
this substance. 

Heomoglobin can be obtained in a crystalline form with 
various degrees of difficulty from the blood of different 
animals, that of man holding an intermediate place in this 
respect. Among the animals whose blood colouring-matter 
cry stallizes roost readily are the guinea-pig and the dog ; 
and in these cases to obtain crystals it is generally sutfi- 
<;iefit to dilute a drop of recently drawn blood with water 
ioid expose it for a few minutes to the air. In mjiny 
instances, however, a somewhat less simple process must be 
adopted ; as the addition of chloroform or ether, rapid freezing 
and then thawing, or other means which separate the colour- 
ing-matter from the other constituents of the corpuscles. 

Different forms of blood-crystals are shown in the accom- 
panying figures. 

Another and most important character of hoemoglobin ii 
its attraction for ^ygen, and some other gases, as carbonii 
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•and nitrone oxides, with all of which it appears to form 
definite chemical combinations. The combination with 


oxygen is that which 
is of most physio- 
logical importance. 
Daring the passage 
of the blood through 
the lungs, it is con- 
stantly formed; while 
it is as constantly 
decomposed, in con- 
sequence of the rea- 
diness with which 
hfoinoglobin parts 
with oxygen, wheij 
the latter is exposed 
to other attractions 



in its circulation 
through the sys- 
temic capillaries. 
Thus, the red cor- 
puscles, in virtue of 
their colouring mat- 
ter, which readily 
absorbs oxygen and 
as readily gives it 
up again, are the 
chief means by which 
, oxygen is carried in 
tlie blood (see also 

p. 85). 


Fig 27 . t 



6, 33r, and aff, illustrate some of the principal forms of 
blood-crystals ’ • 

Fi{?, 26, Prismatic, frqjn human blood. * ^ 
f Fig. 27, Tetroliedral, from blood* of the guinea-pig. 
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By Beat, mineral and other acids, alkalies, &c., h£pTho-* 
Fig, 28.* globin is decomposed 

into an albuminous 
matter (resembling 
globulin) and hccma- 
ti?L The latter, now 
known to be a pro- 
duct of tbe decom- 
position of hemo- 
globin, was once 
thought to be the 
natural colouring 
matter of the blood. 


The White Corpuscles of the Blood or Blood Leucocytes, 

The white corpuscles are much less numerous than the 
red. On an average, in health, there* may be one white 
to 400 or 500 red corpuscles^ but in disease, the propor- 
tion is often as high as ohe to ten, and sometimes even 
much higher. 

In healthjj the proportion varies considerably even in 
the course of the same day. The variations appear to 
depend chiefly on the amount and probably also* on the 
kind of food taken ; the number of leucocytes being very 
considerably increased by a meal, and diminished again on 
fasting. 

They present ^ groater diversities of form than the red 
ones do ; but the gradations between tlie extreme forms 
r stre so regular, that no sufflcient reason can be found for 
supposing that there is in healthy blood more than one 
species of white coipuscles. In their most general appear- 

* Fig. 28. Hexagonal crystals, from blopd of squirrel. On Jliese 
6lx-akled plates, prismatic crystals, grouped in a stellate manner, not 
unfr^nently occur (after Funke). ‘ ^ 
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anco, they are circular and nearly spherical, about •T-}r\rTr 
an incK^in diameter (fig. ^9). They have a greyish, 
pearly look, appearing variously shaded or nebulous, tlie 
shading being much darker in some than in others. Tliey 
seem to be formedp of protoplasm (p. 19), containing 
granules which are in 
some specimens few and ^^ 0 - 29.* 

very distinct, in others 
(tliough rarely) so nu- 
merous that the wholo 
corpuscle looks like a 
mass of granules. 

Tliese corpuscles cctn- 
not be said to have 
true cell-wall. In a few 
instances an appai’cnt 
cell-mombrano can be 
traced around them ; 
but, much more commonly, even this is not discernible till 
after the addition of w^ater or* dilute acetic acid, which 
penetrates the corpuscle, and lifts up and distends what 
looks like a cell- wall, to the interior of which the * mate- 
rial, tlxat before appeared to form the whole corpuscle, 
remains attached as the nucleus of the cell (fig. 29). 

A remarkable property of the white corpuscles, first 
observed by Mr. Wharton Jones, consists in their capa- 
bility of assuming different forms, respective of any 
external influence. If a drop of blood be examined 
with a high microscope power under conditions by which 
loss of moisture is prevented, at the same time that the 
temperature is maintained at about the degree natural to 
the blood as it circulates in the living, body, the leu- 

* Fig. 29. Red and whho blood-cox|ltiscloR. a, White corpuscle of 
natural aspect. Tliree^vhite corpuscles acte j qp by weak acetic acid, 
c. Red blood-corpuscles. 
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coc^'tca can be selBii alternately contracting and dilating 
very slowly at various parts of ' their circumference, — shoot- 
ing out irregular processes, and again withdrawing tlieni 
partially or completely, and thus in succession assuming 
various irregular^forms. • 

These movements, called ammhoid, from their resem- 
blance to the movements exhibited by an animal called 
the Aynceha, the structure of which is as simple as that of 
a white blood-corpuscle, are characteristic of the living 
leucocyte, and form a good example of the contractile pro- 
perty of protoplasm, before referred to. Indeed, the unchang- 
ing rounded form which the corpuscles present in specimens 
of blood examineji in the ordinary manner under the micro- 
scope, muU be looked upon as the shape natural to a 
‘dead corpuscle, or one whose vitality is dormant, rather 
than as the proper shape of one living and active. 

Besides the red and white corpuscles, the microscope 
reveals numerous minute molecules or granules in the blood, 
circular or spherical, and varying in size from the most 
minute visible speck to tl^e -g*(r(,ir ^ ii^ch (Gulliver). 

These molecules are very similar to those found in the 
lymph and chyle, and are, some of them, fatty, being 
soluble in ether, others probably albuminous, being soluble 
in acetic acid. Generally, also, there may be detected in 
the blood, especially during the height of digestion, very 
minute equal-sized fatty particles, similar to those of which 
the molecular base of chyle is constituted (Gulliver). 

Tlie Serum, 

The serum is the liquid part of tlie blood remaining after 
the coagulation , of Uie fibrin. In the usual mode, of 
coagulation, part of the serum remains soaked in tho clot, 
and the rest, squeezed from the clot by its contraction, lies 
around and over it. The quantity of serum that appears 
around the clot depends partly on the total quantity in the 
blood,, but partly &so on the degree to which the clot con- 
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^tracts. This is affected by many circumstances ; generally, 
the faster the coagulation the less is the amount of con- 
traction ; and, therefore, when blood coagulates quichly, it 
will appear to contain a small proportion of serum. Hence, 
the serum always apj^ears deficient in blood drawn slowly into 
a shallow vessel, abundant in inflammatory blood drawn into 
a tall vessel. In all cases, too, it should be remembered, that, 
since the contraction of the clot may continue for thirty-six 
or more hours, the quantity of serum in the blood cannot 
be even roughly estimated till this period has elapsed. 

The serum is an alkaline, slimy or viscid, yellowish fluid, 
often presenting a slight green^h, or greyish hue, and w ith 
a specific gravity of from 103^5 to 1030. It is composed of 
a mixture of various substances dissolved in about nine 
times their weight of water. It contains; indeed, tlie * 
greater part of all the substances enumerated as existing 
iii the blood, with the exception of the fibrin and the red 
corpuscles. Its pripcipal constituent is albume n, of w hich 
it contains about 8 per cent., and the coagulation of w^hich, 
wdien heated, converts netirly tliQ w^hole of the serum into 
a solid mass. The liquid which remains uncoagulatod, 
and wdiich is often enclosed in little cavities in the coagu- 
lated serum, is called serguUj: it contains, dissolved in 
winter, fatty, extractive, and saline matters. 

Variations in the principal Constituents of the Lujuor Sanguinis. 

The water of the blood is subject to hourly variations in its 
quantity, according to the period since the taking of food, 
the amount of bodily exercise, the state of the atmosphere, 

. and all the other events that may affect either the ingestion 
; or the excretion of fluids. According to these conditions, 
it may vary from 700 to 790 parts in the thousand. Yet 
uniformity is on the w^holo maintained*; because nearly 
all those things which tend to lower the proportion of water 
in the blood, such as active exercise,* or the addition of 
saline and other soliJ matter, excite tiurst ; while, on the 
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otBer hand, the addition of an excess of water to the blood 
is quickly followed by its more copious excretion in sweat 
and urine. And these means for adjusting the proportion 
of the water find their purpose in maintaining certain im- 
portant physictil conditions in the blood; such as its pr(t[)er 
viscidity, and the degree of its adhesion to tlie vessels 
through which it ought to flow with the least possible 
resistance from friction. On this also depends, in groat 
measure, the activity of absorption by tlie blood-vessels, 
into which no fluids will quickly penetrate, but such as are 
of less dbnsity than the blood. Again, the (]uantity of 
water in the blood determines chiefly its volume, and 
thereby the fulness and tension of the vessels and the 
quantit}'^ of fluid that will exude from them to kcej) tlie 
tissues moist.*" Finally, the water is the general solvent of 
all the other materials of the liquor sanguinis. 

It is remarkable, that the proportion of water in the 
blood may be sometimes increased even during its abstrao 
tion from an artery or vein. Thus Dr. Zimmerman in 
bleeding dogs, found the /-last drawn portion of blood 
contain 12 or 13 parts more of water in 1000 than the 
blood first drawn ; and PoUi noticed a corresponding 
diminution in the specific gravity of the human blood 
during venesection, and suggested <he only i)rol)ablo ex- 
j)lanation of the fact, namely, that during bleeding, the 
blood-vessels absorb very quickly a part of the serous 
fiuid with which all the tissueii are moistened. 

The albumen may vary, consistently wdth health, from 60 
to 70 parts in the 1000 of blood. The form in which it 
exists in the blood is not yet certain. It may be that of 
simple solution as pure albumen ; but it is, more i>robably, 
in (bmbiuation with soda, as an albuminate of soda ; for, 
if serum he much diluted with water, and then neutralized 
with acetic acid, pure albumen ia deposited. Another 
view entertained bjf Enderlin is that, the albumen is dis- 
iu the solution of the neutral phosphate of sodium, 
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to which he considers the alkaline reaction of the hlood to 
he due, and solutions of whicli can dissolve largo quantities 
of albumen and phosphate of lime. 

The proportion of JibHn in healthy blood may vary be- 
tween 2 and 3 'parts in looo. In some diseases, such as 
typhus, and others of low type, it may be as little as 103 4 ; 
in oilier diseases, it is said, it may be increased to as much 
as 7 528 parts in lOCX). But, in estimating tlie quantity 
of fibrin, chemists have not taken account of the. white 
(*orj)ii.scles of the blood. These cannot, by any rm)de 
iiual;Xsis yot invented, be separated from the fibrin of 
mammalian blood : their cctnposition is unknown, Init 
their weight is always included in the* estimate of the 
fibrin. In health, they may, perhaps, add too little to its , 
weight to merit consMeration, but in many tliseases, espe- 
cially in inflammatory and other blood diseases in whieli 
the fibrin is said to be increased, these corpuscles becsome 
so numerous that m large proportion of the supposed 
increase of the fibrin must be due to their being weiglied 
M’itii it- On this acc’ount aU the statements respecting tlie 
increase of fibrin in certain diseases need revision. 

The eruiraoration of the fatty inaHerfi of the blood makes 
it probable that most of those which are found in the 
tissues or secretions exist also ready -formed in the blood ; 
for it contains the cliolosterin of the bile, the cerebrin 
and phosphorised fat of the brain, and tlie ordinary saponi- 
fiable fats, stearin, olein, and palmatin. A volatile fatty 
acid is that on which the odour of tlie blood mainly de- 
pends ; and it is supposed that when sulphuric acid is 
added (see p. 57), it evolves the odour by combining* 
with the base with which, naturally, this acid is neutra- 
lized. According to Lehmann, much of the fatty matter of 
the blood is accumulated in the red cor][hiscle8. 

These fatty matters, are subject to much variation in 
quantity, being comn^ouly increased every meal in 

which fat, or starch, or saccharine substances have been 



83 


THE BLOOD. 


taken. At Biicli times, the fatty particles of the chyle, 
added quickly to the blood, are only gradually assimilated ; 
and their quantity may be sufficient to make the serum of 
the blood opaque, or even milk-like. 

As regards the inorganic constituenti of the blood, — the 
vsub stances which remain as ashes after its complete burning 
— one may observe in general their small quantity in i)r()- 
jiorfion to that of the ajumal matter contained in it. 
Those. among tliem of peculiar interest are the phosphate 
and carbonate of sodium, and the phosphate of calcium. 
It appears most probable, that the blood owes its alkaline 
reaction to both these salts of sodium. The exi.stPnco of tlio 
neutral phosphate (Na^II.PO*) was proved by Eiiderlin : 
the presence of carbonate of sodium has been luovcd by 
Lehmann and others. “ 

In illustration of the characters which the blood may 
derive from the phosphate of sodium, Liebig points out tlie 
large capacity which solutions of that %alt have of absorh- 
ing carbonic acid gas, and tlien very readily giving it off 
again when agitated in *atmosp1ioric air, and wlien tlie 
atmospheric pressure is diminished. It is probably, also, 
by means of this salt, that the phosphate of calcium is held 
in solution in tlie blood in a form in which it is not soluble 
in water, or in a solution of albumen. Of the -remaining 
inorganic constituents of the blood, the oxide and phos- 
pliato of iron referred to, exist in the licpior sanguinis, 
iudependently of the iron in tKe corpuscles. 

Schmidt’s investigations have shown tliat the inorganic 
coicstitucnts of the blood-ceUs Somewhat differ from those 
’ contained in the serum ; the fomer posse.ssing a consider- 
able preponderance of phosphates and of the suits of potas- 
sium, while the chlorides, especially of sodium, with jdios- 
phato of at>dium, are particularly abundant in the latter. 

Among tlie extractive waiters of the blood, the most 
noteworthy are rent in and Creatlnin, Besides these, 
other organic priticijjes have been found either constantly 
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or generally in the blood, including casein, especially in 
women during lactation : glucose, or grape-sugar, found in 
the blood of the hepatic vein, but disappearing during its 
transit through the lungs (Bernard) ; urea, and in very 
minute quantities, uric acid (Garrod) ; hippuric and lactic 
acids ; ammonia ( Richardson) : and lastly, certain colouring 
and odoriferous matters. 

Variations in healthy Blood under different Circumstances. 

As the general condition of the body depends^ so 'much 
on the condition of the blood, and as, on the otlier hand, 
anything that afiects the body must sooner or later, and 
to a greater or less degree, afleet the blood also, it might 
be ex[)ec'ted that considerable variations in the qualities of 
this fluid 's^■ould be found under different circumstances of 
disease ; and such is found to be the case. Kven in health, 
liowever, the general composition of the blood varies con- 
siderably. 

Til (3 conditions which appear most to influence the com- 
jiosition of the blood in health, are these : sex, pregnancy, 
age, and temperament. The composition of the blood is 
also, of (loursc, much influenced by diet. 

1. Sex. — The blood of men differs from that of women, 
cliiolly ill being of somewhat higher specific gravity, li'om its 
containing a relatively larger quantity of red corpuscles. 

2. Pregnancy . — The blood of pregnant women has a 
rather lower specific gravity than the average, from de- 
fii’ioncy of red corpuscles. The (quantity of - white corpuscles, 
on the other hand, and of fibrin, is increased. 

5. ^fje , — From the analysis of Denis it appears that the* 
blood of the foetus is very rich in solid matter, and espe- 
cially in red corpuscles; and this condition', gradually 
diminishing, continues for some weeks after birth. The 
quantity of solid matter then falls during childhood below 
the average, again ri«3s during adult jifii, and in old age 
falls again. 
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4. Temperament . — But little more is known concerning 
the connection of tliis with the condition of the blood, than 
that there appears to bo a relatively larger quantity of solid 
matter, and particularly of red corpuscles, in those of a 
plethoric or sanguineous temperament.' 

5. Diet. — Such diiferenccs in the' composition of the 
blood as are due to the temporary presence of various 
matters absorbed with the ^bod and drink, as well as the 
more lasting changes whicli must result from generous or 
joor diet respectively, need be here only referred to. 

Effects of Bleeding . — The result of bleeding is to dinjinisli 
the specific gravity of the blood ; and so <piickl3% that in a 
single venesection, the portion of blood last drawn has often 
a less specific gravitj'' than that of the blood that Howcd 
first (J. Davj^ and Polli). This is, 6 f cour>so, duo to ab« 
sorption of fluid from the tissues of the body. The pliysio- 
logical import of this fact, namely, the instant absorption 
of liquid from the .tissues, is the same ^s that of the intense 
thirst which is so common after either loss of blood, or the 
abstraction from it of watery fluid, as in cholera, diabetes, 
and the like. 

For some little time after bleeding, tlie want of red 
blood-cells is well marked ; but, with this exception, no 
considerable alteration seems to be produced in tlie com- 
position of the blood for more than a very short time, tlu' 
loss of the other constituents, including the pale corpuscles, 
being very quickly repaired. 

Variations in the Composition of the Blood, in different Parts 
of the Body, 

The coinxK}sition of the blood, as miglit be exi>ected, is 
found to vary in diflerent parts of the body. Thus arterial 
blood differs from venous ; and although its comj)08ition 
and general cliambtfers are uniform^ throughout the whole 
npurse of the systemm arteries, they are not so tliroughout 
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t*Iie vonous systom, — the blood contained in some veins 
difl'ering remarkably from th^t in others. 

I. Differences between arterial and venous blood , — These 
may be arranged under two beads, — differences in colour , 
and in (jeneral composition, 

a. Colour . — Concerning the cause of the difference in 
colour between arterial and vonous blood, there has been 
much doubt, not to say confusion. For vdiile the scarlet 
colour of the arterial blood has been supposed by some 
observers, and for some reasons, to be due to the chbmical 
faction of oxygon, and the pui^le tint of that in •the veirife 
, to tlie action of carbonic acid, there are facts which made 
it seem juobable that the cause was a mechanical one 
rather than a chemical, and thal; it depended on a difference 
in tlie shape of the rjd corpuscles, by which fheir power of" 
transmitting and reflecting light was altered. Thus, car- 
bonic; acid was thought to make the blood dark by causing 
the red cells to assume a bi-con vex outline, and oxygen 
was supposed to reverse the effect by contracting them and 
rendering t]iem bi-concave. We may believe, however, 
tliat, at least for the present, this vexed question, has, by 
the results of investigations undertaken by Professor Stokes 
and others, been now set at rest. 

The colouring matter of the blood, or hminoglobin (p. 74), 
is caj^able of existing in two different states of oxidation, 
and tho respective colours of arterial and venous blood are 
caused by differences in tint between these two varieties — 
oxidised or scarlet hemoglobin and deoxidised or purple 
hix'moglobin. The change of colour produced by the passage 
of the blood tlirough the lungs, and its consequent exposure 
to oxygen, is due, probably, to the oxidation of purple, 
and its conversion into scarlet hfomoglobinj while the 
readiness with wliich the latter is dp-oxidised offers a 
i-casonablo explanation of the change, in regard to tint, of 
arterial into venous blood,— tho transformation being 
I effected by the delivering up of oxyg-^.n to the tissues, by 
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the scarlet hflemoglobin, during the blood’s passage through 
jthe capillaries. The changes of colour are more probably 
due to this cause, namely, a varying quantity of oxygen 
chemically combined with the hsemoglobin, than to any 
mechanical effect of this gas, or to the influence of carbonic 
acid, either chemically, on the colouring matter, or me- 
chanically, on the corpuscles which contain it. are 

not, perhaps, ii^ a position^to deny altogether the possible 
influence of mechanical conditions of the red corpuscles on 
the colour of arterial and venous blood respectively ; but it 
i« probabje that this cause alone would be quite insuflicient 
to explain the differences in the colour of the two kii^ds of 
blood, and therefore if it be an element at all in the change, 
it must be allowed to take bnly a subordinate position. 

The distinction between the two kinds of hemoglobin 
naturally present in the blood, or, in other words, the 
proof that the addition or subtraction of oxj^gen involves 
the production respectively of two substances having funda- 
mental differences of chemical constitution, has been made 
out chiefly by spectrum-analysis , — the eflbcts produced by 
placing oxidised and de-oxidised solutions of hemoglobin 
in the path of a ray of light traversing a spectrosco^^e being 
different. For tvhile the oxidised solution causes the ax)- 
pearance of two absorption bands in the yellow and the 
green part of the spectrum, these are replaced by a single band 
intermediate in position, when the oxidised or scarlet solution 
is darkened by de-oxidising agencies, — or, in other words, 
when the change which naturally ensues ia the conversion 
of arterial into venous blood is artificially produced.^ 

The greater part of the hmmoglobin in both arterial and 
venous blood probably exists in the scarlet or more higlily 
oxidised condition, and only a small part is de-oxidised and 
made purple in its passage from the arteries into tlie veins. 

* The student to whom the terms employed in coiinectioTi with 
spectrum analysis are nt)t familiar, is advised^ to consult, with reference 
to the preceding paragraph, 4in elementary treatise on Physics. 
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* Tlie differences in regard to colour between arterial .and 
venous blood are sometimes ^not to be observed. If blood 
runs very slowly from an artery, as from the bottom of a 
decj) and devious 'wound, it is often as dark as venous 
blood. In persons nearly asphyxiated also, and some- 
limes, under tho inlluence of chloroform or ether, the 
arterial bh>od becomes like tho venous. In. the foetus 
also both kinds of blood are dark. But, iii all these cases, 
the dark blood becomes bright on exposure to the air. 
Bernard has shown that venous blood returning from^ gland 
in active secretion is almost as bright as arteriaj bJbod, • * 

hf General Comjwsitiou . — ^Phe chief differences between 
aiterial and ordinary vonouS blood are these. Arterial 
blood contains rather more filrt:in, and rather less albumen 
and fat. It coagulates somewhat more quickly. Also, it 
contains more oxygen, and less carbonic acid. According 
to Denis, tlie fibrin of venous blood differs from arterial, 
in that when it is fresh, and has not been much exposed 
to the air, it may te dissolved in a slightly heated solution 
of nitrate of potassium. 

Some of the veins, however, contain blood which differs 
from the ordinary standard considerably. These are. the 
portal, the liepatic, and the splenic veins. 

Portal vein . — The blood which the portal vein conveys 
to the liver i^ supplied from two chief sources ; namely, ^ 
that in tlie gastric and mesenteric veins, which contains 
the soluble elements of food absorbed from the stomach 
and intestines during digestion, and that in the splenic 
vein ; it must, therefore, combine the qualities of the 
blood from each of these sourtics. 

The blood in the gastric and mesenteric veins will valry* 
much according to the stage of digestion and the nature 
of the food taken, and can therefore be seldom exactly the 
same. Speaking generally, and wittout considering the 
sugar, dextrine, and other soluble , matters which may 
have been absorbed from the alimentary canal, this blood 
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appears to be deficient in solid matters, especially in rod' 
Corpuscles, owing to dilution hj the quantity of water ab- 
sorbed, to contain an excess of albumen, though chiefly of 
a lower kinctflian usual, resulting from the digestion of ni- 
trogenised substances, and termed albuminose; and to 3^’cld 
a less tenacious kind of fibrin than that of blood generally. 

Tlie blood from the splenic vein is probably more definite 
in composition, though alsq liable to alterations according 
to the stage of the digestive process, and other oircuni- 
stancea; It seems generally to be deficient in red cor- 
• pitscles, ai|d to contain an unusually large proportion of 
albumen. The fibrin seems to vary in relative am dun t, 
but to be. almost always above the average. The propor- 
tion of colourless corpuscles* appears also to bo unusually 
large. The whole quantity of solid matter is decreased, 
the diminution appearing to be chiefly in the proportion 
of red corpuscles. 

The blood of the portal vein, combining tho peculiarities 
of its two factors, the splenic and mesenteric venous 
-blood, is usually of lower specifle gravity than blood 
generally, is more watery, contains fewer red corpuscles, 
more albumen, chiefly in the form of albuminose, and 
yields a less firnt clot than that yielded by other blood, 
owing to the deficient tenacity of its fibrin. These 
cliaraoterLstics of portal blood refer to tho composition of 
the blood itself, and have no reference to the extraneous 
substances, such as the absorbed materials of the food, 
which it may contain ; neither, indeed, has any complete 
analj^sis of these been given. 

Comparative analyses of blood in the portal vein and 
Wbod in the hepatic' veins have also been frequently made, 
with tho view of determining the changes which this fluid 
iindei^oes in its transit through the liver. Great diversity, 
however, is ' observable in the analyses of these two kinds 
of blood by diflerent (^hemists. Part <5f this diversity is no 
doubt attributable to the fact pointed oiit by Bernard, that 



GASES OP THE BLOOD. 


89 


‘unless the portal vein is tied Before tlie liver is removed 
from the body, hepatic vejious blood is very liable to 
regurgitate into tlie x)ortal vein, and thus vitiate the result 
of the analysis. Guarding against this source of error, 
recent observers seamed to have determined that hej)atic 
venous blood contains less water, albumen, and salts, thfin 
the blood of the j^ortal vein ; but that it yields a much 
larger amount of extractive matter, in wliich, according to 
Hernard and others, is one constant element, namely, grajie- 
sugar, which is found, whether saccharine or farinaceous 
matter have been present in the food or not. • ' • 

li(^sides the rather wide difference between the comjwsi- 
tioii of tlio blood of these veins and of others, it must not bo 
forgotten that in its x)assage through every organ and tissue 
of the body, the blond’s composition must be vaijing con-* 
Btanllv, as each part takes from it or adds to it such matter 
as it, roughly sjxoaking, wish<^s either to have or to throw 
away. Thus the Idood of the renal vein has been proved 
b}' exporiiiient to contain less water than does the blood of 
the artery, and doubtless its salts are diminished also. The 
blood in the renal vein is said, moreover, by Bernard and 
Brown -Sequard not to coagulate. 

This then is an exarax3le of the change produced in the 
blood by its passage through a special excretory organ. But 
all x^arls of the body, bones, muscles, nerves; etc., must act 
on the blood as it x>asses through them, and leave in it some 
mark of thoir action, too slight though it may be, at any 
given moment, for analysis by means now at our disposal. 

On. the Gases contained in the Blood, 

« 

The gases contained in the blood are carbonic acid, * 
oxygon, and nitrogen, 1 00 volumes of blood containing 
from 40 to 50 volumes of these gases pollectively. 

Arterial blood contains relatively more oxygen and less 
carbonic acid than venpus. But the. absolute quantity of 
carbonic acid is in both kinds of blood greater than that of 
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the oxygen. The proportion of nitrogen is in both very* 
small. 

It is most probable that the carbonic acid of the blood 
is partly in a state of simple solution, and partly in a state 
of weak chemical combination. The portion of the car- 
bonic acid which is chemically combined, is contained 
partly in a bicarbonate of soda, and partly is united with 
phosphate of the same base. The oxygen is combined 
chemically with the lioonioglobin of the red corpuscles 
(pp. 7^ and 85). 

* <That the oxygen is absorbed chiefly by the red corpuscles 

is proved by the fact that wliile blood is capable of 
absorbing oxygen in considerable quantity, the serum 
alone has little or no inor6 power of absorbing this gas 
•than pure wat^r. ^ 

Dmlopment 

In the development of the blood little more can bo traced 
than the processes by which the corpuscles are formed. 

The first foraied blood-cells of the human embryo dilfer 
much in their general characters from those wliich belong 
to the latter periods of intra-uterine, and to all periods of 
extra-utorine life. Their manner of origin difiers also, 
and it mil be well perhaps to consider this first. 

lu the process of development of the embryo, the plan, 
so to speak, of the heart and chief blood-vessels is first 
laid oiit in cells. Thus the heart is at first but a solid 
mass of cells, resembling those which constitute all other 
parts of the embryo ; and continuous with tliis are tra(;t8 
of similar cells — the rudiments of the chief blood-vessels. 

• ‘ The formation of the first blood corpuscles is very 
simple. While the outermost of tlie embryonic cells, of 
which the rudimentary heart and its attendant vessels arc 
composed, gradually develop into the muscular and other 
tissues which form tjie walls of the hfeart and blood-vessels, 
the inner cells ifitoiply separate firom'each other, and form 
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* Llood-cells ; some fluid plasma being at the same time 
secreted. ' Thus, by the saiue process, blood is formed, and 
the originally solid heart and blood-vessels are hollowed out. 

The blood-cells produced in this way, are from about 
■jT-u'o to tVoo of jin inch in diameter, mostly spherical, 
pellucid, and colourless, with gi*anular contents, and 
well-marked nucleus. Gradually, they ac-quire a red 
colour, at the same time that the nucleus becomes more 
defined, and the granular matter clears away. Mr. Paget 
descrihes them, as, at this period, circular, thickly disc- 
shaped, full-coloured, and, on an average, about 
an inch in diameter ; their miclei, which are about -./oif of 
an inch in diameter, are central, circular, very little pro- 
minent on the surfaces of the* cell, and apparently slightly 
granular oi* tubercij.ated. « • 

Before the occurrence, however, of this change — from 
tlio colourless to the coljq^ed state — in many instances, 
probaldy, during jt, and in many afterwards, a process of 
ninltiplicatiou takes ^dace b}^ division of the nucleus and 
subsequently of the cell, into ^two, aild much more rarely, 



tliree or four new cells, which gradually acquire the 
characters of the original cell from which they sprang 
Fig. 30 (b, c, n, e).* . 

• — — 

* Fig, 30. Develoinnent of the first set of blood* corpuscles iu tlie 
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When, in the progress of embryonic development, the 
liver begins to be formed, the multiplication of blood- 
cells in the whole mass of blood ceases, according to 
Kolliker, and new blood-cells are produced by this organ. 
Like those just described, they are at first colourless and 
nucleated, but afterwards acquire tlie ordinary blood- 
tinge, and resemble very much those of the first set. Like 
them they may also multiply by division. In whichever 
way produced, however, whether from the original for- 
mative cells of the embryo, or by the liver, these coloured 
nucleated cells begin very early in fcetal life to be mingled 
with coloured non-niudeated corpuscles resembling tholse of 
tlio adult, and about the fourth or fifth month of embryonic 
existence are completely replaced by them. 

The mannercof origin of these p<ci‘fect non-nueleatod 
corpus<;les must be now considered, 

I. Concerning the celh from which they arise* 
a. Before Birth . — It is uncertain whether they are 
derived only from the ^lls of the lyinph, wliich, at about 
tlie period of their appearance, begins to be poured into 
tlie blood; or whether they are derived also from the 
nucleated red c(dL*, which they replace, or also from similar 
nucleated cells, which Kolliker thinks are produced by the 
liver during the whole time of fcetal existence. 

h. AJfer Birth, 7— It is generally agreed that after birth the 
red corpuscles are derived from the smaller of the nucleated 
lymph er cliylo-cbrxmscles , — the white corpuscles of the blood, 

TI. Concerning the Manner of their Development. 

.There is not perfect agreement among physiologists 

embryo. K, A dotted, nucleated enibryo-eell in process of 
eottversion into a blood-corpuscle : the nucleus provided willi a nucle- 
t>!ns. n. A similar cvW with a dividing nucleus ; at c, the division of 
tJte Jmcleus is complete ; at D, tlie cell also vs dividing, is. A hlood- 
corpuKcic almost, oomplctfe, hut still coataiuin^j a few granules, r. Per- 
fect blood-corpusclo. 
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concerning the process by which lymph-globules or white 
corpuscles (and in the foetus, perhaps the red nucleated 
cells) are transformed into red non-nueleated blood-cells. 
For while some maintain that the whole cell is cliaiigcd 
into a red one by .the gradual clearing up of tlic con- 
tents, including the nucleus, it is belived by Mr. W harton 
Jones and many others, that only the nucleus becomes the 
red blood-cell, by escaping Irom its envelope and aci|uiring 
the ordinary blood-tint. 

Of these two theories, that which supj^oses the nucleus^ 
of the lymph or chyle globule to be the germ of^ tlie future 
red Tblood -corpuscle is the the^orynow generally adopted. 

The development of red blood-cells frQm the corpuscles 
of the lymph aud chyle continues throughout life, and 
there is no reason fcji' supposing that after birth tlicy have* 
any other origin. 

'Without doubt, these little bodies liave, like all other 
j)arts of the organ^^m, a tolerably definite term of existence, 
and in a like manner die and waste away when tlio portion 
of work allotted to them has b^cn performed. Neither the 
l(?ngth of their life, however, nor the fashion of their 
decay, has been yot clearly made out, and we can only 
surmise that in these things they resemble more or less 
closely those parts of the body which lie more i^lainly 
within our observation. 

From what has been said, it will have appeared that when 
the blood is once formed, its growth and maintenance are 
effected by the constant repetition of the development of 
new portions. In the same x)roportion that the blood yields 
its materials for the maintenance and repair of the sever^il 
. solid tissues, and for secretions, so are new materials sup- 
■ plied to it in the lymph and chyle, and by development 
’ made like it. The part of the process which relates to the 
formation of new corpuscles has been described, but it is 
probably only a small portion of the whole process ; for the 
assimilation of the new materials 1.0 the blood must be 
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perfect, in regard to all those immeasurable minute par- 
ticulars by which the blood is adapted for the nutrition of 
every tissue, and the maintenance of every peculiarity of 
each. How precise the assimilation must be for such an 
adaptation, may be conceived from some of tlie cases in 
which the blood is altered by disease, and by assimilation 
is maintained in its altered state. For example, by tlie 
insertion of vaccine matter, •the blood is for a short time 
manifestly diseased ; however minute the portion of virus, 
,it affects and alters, in some way, the whole of the blood. 
And the alYeration thus produced, inconceivably slight as 
it must be, is long maintained ; for even very long after fi 
successful vaccination, a second insertion of the virus may 
have no effect, the blood being no longer amenable to its 
influence, because the new blood, formed after the vaccina- 
tion, is made like the blood as altered by the vaccine 
virus ; in otlier words, the blood exactly assimilates to its 
altered self the materials derived from the lymph and chyle. 
In health we cannot see the precision of the adjustment 
of the blood to the tissuei but we may imagine it from 
the small influences by which, as in vaccination, it is 
disturbed ; and wo may be sure that the new blood is as 
})erfcctly assimilated to the healthy standard as in disease 
it is assimilated to the most minutely altered standard.* 
How far the assimilation of the blood is affected by any 
fl>rmative power which it may possess in common with the 
solid ti‘^sue8, we know not. That this possible formative 
power is, however, if present, greatly ministered to and 
assisted by tho actions of other parts there can be no doubt; 

i&t, by the digestive and absotbent systems, and pro- 
bably the liver, and all of the so-caUed vascular glands; 
and, by the excretory organs, w^hich separate from 

the blood refuse materials, including in this term not only 


* Corrf‘.spon(liug faetj^ m relation to the mahitenance of the tissues 
y will be mculkned in the chapter on Nuthition. 
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the waste substance of the tissues, but also such matters 
as, having been taken with food a^id drink, may have been 
absorbed from the digestive canal, and have boon sub- 
sequently found unfit to remain in the circulating current. 
And, ydbj, theprecifse constitution of the blood is adjusted 
by the balance of the nutritive processes for maintaining 
the several tissues, so that none of the materials appro- 
priate for the maintenance of any part may remain in 
excess in the blood. Each part, by taking from the) blood 
the materials it requires for its “'maintenance, is, ,as has • 
been^ observed, in the relation of an excretory organ to all 
the rest ; inasmuch as by abstracting the matters i)roper 
for its nutrition, it prevents .excess of .such matters as 
eff(^ctually as if they were separated from tlie blood and 
cast out altogether by the excreting organs specially present 
for such a purpose. 

Uses of the Blood, 

• 

The purposes of the blood, thus develoi)ed and main- 
tained, appear, in the perfect s^ate, to be these ; 1st, to be 
a source whence the various parts of the body may abstract 
the materials necessary for their nutrition and mainte- 
nance; and whence the secreting organs may take the 
materials for their various secretions; 2nd, to be a 
constantly replenished store -house of latent cliemical force, 
whi(;h in its expenditure will maintain the heat of tho 
Ijody, or bo transformed by the living tissues, and mani- 
fested by them in variems forms as vital power ; ^rd, to 
convey oxygen to the several tissues which may need it, 
either for the dischai'ge of their functions, or for combinatictn 
with their refuse matter ; 4th, to bring from all parts refuse 
matters, and convey them to places whence they may be dis- 
charged ; $th, to worm and moisten all parts of tho body. 

Uses of the various Constituents ^of the Blood. 

• ♦ 

Kegarding the uses of the various constituents of the 
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Llaod it may be said that the matter almost resolves itself 
into an analysis of tlie different parts of the body, and of 
the food and drink which are taken for their nutrition, 
with a subsequent consideration of how far any given con- 
stituent of the blood may be supposed to be on its Avay 
to' the living tissues, to be incorporated witli and nourisli 
them, or, having fulfilled its purpose, to be on its way in a 
more or less changed conditibn to the excretory organs to be 
cast out. It must bo remembered, however, that the blood 
^ contains also matters which serve by their combustion 
to"^ produce heat, and, again, others which possibly ^sub- 
serve only a mechanical, althpugh most important, x>urpose; 
as for instance the preservation of the duo specific gravity 
of the blood, or some other quality by which it is enabled 
‘ to maintain its» proper relation to the Kessels containing it 
and to the tissues through which it passes. Lastly, among 
the constituents of the blood, are the gases, oxygen and 
carbonic acid, and the substances specially adapted to carry 
them, which can scarcely be said to take part in the nutri- 
tion of the body, but are taj[:her the means and evidouco of 
the combustion before referred to, on which, to a great 
extent, directly oy indirectly, all vitality depends. 

Alhuifien . — The albumen, which exists in so large a 
proportion among the chief constituents of the blood, is 
without doubt mainly for the nourishment of those tex- 
tures M'hich contain it or other compounds nearly ^lied to it. 
its purpose in nutrition, the albumen of the liquor 
is doubtless of importance also in the maintenance 
of those essential physical properties of the blood to which 
reference has been already inade. 

Fihrin . — It has been mentioned in a previous part of 
this (liapter that the idea of fibrin existing in ' the blood, 
as fibrin, is probably, founded in error ; and that it is formed 
in the act of coagulation by the rinion of two substances, 
which before existed, separately (p, 6^). In considering, 
jtherefure, the functions of fibrin, we may exclude the notion 
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of its existence, as such, in the hlood in a fluid state, and of 
its use in the nutrition of certain special textures, and look 
lor the explanation of its functions to those circumstances, 
whether of health or disease, under which it is produced. 
In haemorrhage, for example, the formation of fibrin in the 
c* lotting of blood, is the means by which, at least for a 
t ime, the bleeding is restrained or stopped ; and the material 
Av^hich is produced for the permanent healing of the injured 
part, contains a coagulable material probably identical, or 
^■ery nearly so, with the fibrin of clotted blood. 

2^ attt/ Matters . — The fatty matters of the blood* subser^ 
more than one purpose. For j^hile they are the means, at 
I'iast in part, by which the fat of the body, so widely dis- 
tributed in the proper adipose and other textures, is re- 
l>lenished, they also, by their union with oxygen, assist in 
iiiiaiutaiuing the temperature bf the body. In certain secre- 
tions also, notably the milk and bile, fat is an important 
constituent. ; 

Saline Matter . — The uses of the saline constituents of 
the blood are, first, to enter intQ the composition of such 
textures and secretions as naturally contain them, and, 
secondly, to assist in preserving the due specific gravity 
and alkalinity of the blood and, perhaps, also in preventing 
its decomposition. The phosphate and carbonate of sodium, 
besides maintaining the alkalinity of the blood, are said 
especially to preserve the liquidity of its albumen, and to 
favour its circulation through the capillaries, at the same 
time that they increase the absorptive power of the serum 
for gases. But although, from the constant presence of a 
certain quantity of saline matter in the blood, we may, 
believe that it has these last-mentioned important functions 
in connection with the blood itself, apart from the nutri- 
tion of the body, yet, from the amount which is daily 
separated by the different excretory organs, and especially 
by the kidneys, we must alsd believe 'that a considerable 
qtiantity simply passes through the blood, both from the 



98 


USES OP BLOOD. 


fo6d and firom the tissues, as a temporary and useless con- 
stituent, to be excreted when (Opportunity offers. 

Corpuscles , — The uses of the red corpuscles are probably 
not yet fully* known, but they may be inferred, at least in 
part, from the composition and properties of their contents. 
The affinity of htemoglobin for oxygen has been already 
mentioned ; and the main function of the red corpuscles 
seems to be the absorption of oxygen in the lungs by 
means of this constituent, and its conveyance to all parts of 
the body, especially to those tissues, the nervous and mus- 
cular, the discharge of whose functions depends in so great 
a d^ree upon a rapid an^ full supply of this element. 
The readiness w^th which haemoglobin absorbs oxygen, and 
delivers it up again to a reducing agent, so well shown by 
the experimeaats of Prof. Stokes, admirably adapts it for 
this purpose, flow far the red corpuscles are concerned 
in the nutrition of the tissues is quite unknown. 

The relation of the white to the ^d co]q)uscles of the 
blood has been already considered (p. 92) ; of the functions 
of the former, other than %re concerned in this relationship, 
nothing is positively known. Recent observations of the 
migration of the white corpuscles from the interior of the 
blood-vessels into the surrotmding tissues (see Section, On 
the Circulation in the Capillaries) have, however, opened 
out a large field for investigation of their probable func- 
tions in connection with the nutrition of the textures, 
in which, even in health, they appear to wander. 
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CHArTER VI. 
cirtCtrUATioisr of the blood. 

The body is divided into two chief cavities — ^the chest or 
thorax QXi^ jihdomen^ by a curved muscular partition, called 
the diaphratjivi (fig. 31), The chest is almost entirely filled 
by the lungs and heart ; the latter being fitted in,, so to 
speak^ between the two lungs, nearer the j&:6nt than 
the back of the chest, and ^partly overlapped by them 
(%• 3 ^)- Each of these organs is contained in a distinct 
bag, called respectively the right and left pleura and the 
l>ericardium, the lattea being fibrous in the main, but lined 
on the inner asi)ect by a smooth shining epithelial covering, 
on v^hioh can glide, with but little friction, the equally 
smooth surface of the hekrt enveloped by it. In fig. 3 1 
the containing bags, of pleura and pericardium are sup- 
posed to have been removed. .Entering the chest from 
above is a large and long air-tube, called the trachea, 
which divides into two branches, one for each lung, and 
through which air passes and repasses in respiration. 
Springing from the upper part or base of the heart may be 
seen the large vessels, arteries, and veins, which convey 
blood either to or from this organ. 

In the living body the heart and lungs are in constant 
rhythmic movenient, the result of which. is an unceasing 
, stream of air through the trachea alternately into and out 
of the lungs, and an unceasing stream of blood into and 
out of the heart. 

It is with this last evenjt that we are concerned especially 
in this chapter, — with the means, that is to say, by which 
the blood which at one moment is forced out of the heart, 
is in a few moments more returi^ed to it, again to depart, 
and again pass though the body in course of what is 

• H 2 
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teclmically called the circulation. The purposes for which 
this unceasing current is maintained, are indicated in the 
uses of the blood enumerated in the preceding chapter. 

The blo^ is conveyed away from the heart by the 
arteries, and ^returned to it by the yems; the arteries and 
veins being continuous with each other, at one end by 
means of the heart, and at the other by a fine network of 
vessels called the capillaries^ The blood, therefore, in its 
passage from the heart passes into the arteries, then 
into the capillafeies, and lastly into the veins, by which it 
is conveyM back again to the heart,— thus completing a 
revolution, or circulation. « 



As generally there are tvso circulations by 

nlieL all the blood , m>ist paas;; the one, a shorter circuit 

. * Kig. 31. View of heari'abd lungs Tlw portion of 

tW 4;’iie»t-wan, and tl«e outer vt parietal Uysrs of the plerme and i>cii- 
cardiuiti have been lemoved. tlw lungs, ait pwtJy collapsed, . 
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from the heart to the lungs and back again ; the other and 
larger circuit, from the heart to all parts of tlie body and 
back again ; but more strictly speaking, there is only one 
complete circulation, which may be cl in grammatically repre- 
sented by a double loop, as in the accompanying figure. 

On reference to 
this figure and 
noticing the di- 
rection of the ar- 
rows which repre- 
sent the course 
of the stream 
of blood, it will 
be observed that 
while there is a 
smaller and a 
larger circle both 
of which pass 
through the heart, 
yet that these are 
not distinct, one 
from tlie other, 
but ore formed 
really by one con- 
tinuous stream, 
tlie whole of 
which must, at 
one part of iti coi r&(^,« thxpugh lungs,' Subor- 
dinate to the two principal circulations, tlxe pulmonary and 
systemic as they are named, it will be noticed also in. the 
same figure, that there is another, by which a portion 
of the stream of blo<^ having been diverted once into 
the oapUlaries of the ihtestinftl. canal, and eome other 
organs, and gathered up agdii|.;:into a single stream, is a 
seeond time divid^^in iti pSsege *tl^ottgh the- liver, 

* Fig, 32. Diagram of tjio 'circulation. 
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before it finally reaches the heart and completes a revolu- 
tion. This subordinate stream through the liver is called 
the portal circulation. 

The principal force provided for constantly moving the 
blood througir this course is that of the muscular substance 
of the heart ; other assistant forces are (2) those of the 
elastic walls of the arteries, (3) the pressure of the muscles 
among which some of the \^ihs run, (4) the movements of 
the walls of the chest in respiration, and probably, to some 
extent,* (5), the interchange of relations between the blood 
ahd the tissues which ensues in the capillary system during 
the nutritive processes. Thg right direction of the bfood's 
course is determined and maintained by the valves of the 
heart to be* immediately described ; which valves open to 
permit the .movement of the blood in^the course described, 
but closer when any force tends to move it in the contrary 
directiozi. 

We shall consider separately each mipmber of the system 
of organs for the circulation : and first — 

r Ttie Heart. 

The he^t is hollow muscular organ, the interior of 
which is ditided ’by § partition in such a manner as to 
form two chief chamhers or cavities — ^right and left. Each 
of these chmnbers is again subdivided into an upper and 
a lower por^H 0{ill64 respectively the atmcle and ventricle, 
which ft^lycommuhicalfo^^e other; the aperture 

of commuhicatioB, howis^, being guarded by valvular 
curtains, so disposed as to allow blOod to pass freely from 
the auricle into the ventricle, but not in the opposite direc- 
tion. There are thus four cavities altogether in the heart 
— two auricles and two ventricles ; the auricle and ventricle 
of one side being ^ quite separate from those of the other. 
The right auricle communicates^ on the one hand, with the 
veins of the general system, an<!, the other, with the 
right ventricle, wtile the latter le^s* directly into the pul- 
monary "arteiy, the onfice pf which is guarded by valves. 



THE HEART. 


103 

The left auricle again communicates, on the one hand, with 
the pulmonary veins, and, K)n the other, with the left 
ventricle, while the latter leads directly'into the aorta — a 
large artery which conveys blood to the general system, 
the orifice of which,, lite that of the pulmoabry artery, is 
guarded by valves. 

The arrangement of the heart's valves is such that 
the blood can pass only in one definite direction, and 
this is as follows (fig. 33):— From the right auricle 
the blood passes into the right ventricle, and thence 
into the pulmo- 
nary artery, by 
which it is con- 
veyed to the ca- 
pillaries of the 
lungs. From the 
lungs the blood, 
whichisnowpuri- 
ified and altered 
in colour, is ga- 
tliered by the pul- 
monary veins and 
taken to the left 
auricle. From the 
left auricle it 
passes into the 
left ventricle, and 
thence into the 
fiorta, by which it is distributed to the capillaries of every 
Xmrtion of the body. The brapehes of the aorta, from 
being distributed to the general system, are GB 3 Xe^$ystmic 
arteries; and from these the blood passes into the sys- 
temic capillaries, where it again becomes dark and impure, 
and theuoe into the branches of the systemic veins, which 
1 Ijl 

* Fig. 33. Diagram of the circulation through the heart (after Dalton). 
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foming by their union two large trunks, called the supe- 
rior and inferior vena cava, discharge their contents into 
the right auricle, whence we supposed the blood to start 
(%• 33 )- 

^ # • 

Structure of the Valves of the Heart. 

It will be well now to consider the structure of the 


m 34.* 



* Fig. 34. The ligM ttokle and vontriale opened, and a pnrt of 
their right awl anterior walls removed, so as to show their interior. 4. 
— aoperior vena cav^ ; a, inferior' vena i^va ; 2', hepatic veins exit 
short ; right anrieje j j', placed la, the fo^ ovalia, below which is 
the Ettstachian valve ; 3% Siplacedoleio to the aperture of the coronaiy 
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valveB of the heart, and the manner in which they perform 
their function of directings the stream of blood in the 
course which has been just described. The ralve between 
the right auricle and ventricle is named trkmjpid (fig. 34), 
because it presents three principal cusps or pointed portions, 
and that between the left auricle and ventricle bicmpid or 
mitral^ because it has two such portions (fig. 35). But in 
both valves there is between each two principal portions a 
smaller one ; so that more properly, the tricuspid may be 
described as consisting of six, and the mitral of four, por- , 
tions. Each portion is of triangular foml, ittf apex and 
sides lying free in the cavity pf the ventricle, and its base, 
which is continuous with the^ bases of the neighbouring 
portions, so as to form an annular membrane around the 
auriculo- ventricular •opening, being fixed 4 o a tendinous' 
ring, which encircles the orifice between the auricle and 
ventricle, and receives the insertions of the muscular fibres 
of both. In each prin^;gal portion of the valve may be 
distinguished a middle-piece, extending ftoni its base to 
its apex, and including about^ half its width ; this piece 
is thicker, and much tougher and tighter than the border- 
pieces which are attached loose and flapping at its sides. 

While the bases of the several portions of the valves 
1 are fixed to the tendinous rings, their ventricular surfaces 


vein ; +, + , placed in the audculo-ventiiculor groove, where a narrow 
portion of the adjacent walls of the auricle and ventricle has been pre- 
served 4, 4, cavity of the right ventricle, the upper figure is imme- 
diately below the semilunar valves ; 4'f larg® eolumiia camea or mus- 
culus papillaris ; 5, S', 5", tricuspid vdve ; 6, placed in the interior of . 
, the pulmonary artery, a part of the anterior wall of that vessel having^ 
been removed, and 4 narrow portion of it preserved at it8^ommence> 
ment where the semilunar valves are attached ; 7, concavity of the aortic 
arch close to the cord of the ductus arteriosus ; ascending part or 
sinus of the arch covered at its commencement by the auricular appendix 
and pulmonary artery ; 9, placed between the innominate and left carotid 
^ arteries i 10, appendix oj the left astride ; 11, *11, the outside of the left 
ventricle, the lower figure near the apex, Quain's Anatomy.) « 
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\ and- borders are fastened by slender tendinous fibres, the 
f chorda tendinea^ to the walls o£ the ventrides, the muscular 
fibres of which project into the ventricular cavity in the 


35 * 



r 


* 35* left auddo and ventrid^ opened and a part of their 

anterior .and left vails ijpmoted ao as to rfiow their interior. J.— The 
pulmonary artery has b^n divided at its commencement so as to show 
tUo aorta ; the opening into the left ventricle has been carried a short 
distance into the aorta iJetweon two of the segments of the semilunar 
vdves 5 the left part of the auricle with its appendix has been removed. 
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form of bundlos or columns— tliG coluynrKH carnecB* These 
columns are not all of them alike, for while some of them 
are attached along^ their whole length on one side, and 
by their extremities, others are attached only by their 
extremities i and a third set, to which the name niusculi 
jminllares has been given, are attached to the wall of the 
ventricle by one extremity only, the other projecting, 
papilla-like, into the ciwity ofthe ventricle (5, fig. 35), and 
having attached to it chorda tendinea. Of the tendinous 
cords, besides those which pass from the walls of the ven- 
tricle and the musculi papillareSi to the margins of t;he valvt^s 
both free and attached, there i^e some of especial strength, 
which pass from the same parts to the edges of the middle 
pieces of the several chief portions of the valve. The 
ends of these cords a3J^ spread out in the substance of the 
valve, giving its middle piece its peculiar strength and 
toughness; and from the sides numerous other more 
slender and brauqjimg^ cords are given off, which are 


The right auricle has been Ihrowu outfof view, i, the two right pul- 
iiionai’y veins cut short ; their openings are seen within the auricle ; 
l', ]»iaced within the cavity of the auricle on tlie loft side of the septum 
and oil the part which forms the remains of the valve of the fonimon 
ovale, ,of which the crescentic fold is seen towards the left hand of i' ; 
2, a narrow portion of the wall of the amide and ventiide preserved 
round the anricnlo-ventriculaf orifice ; 3, 3', the cut surface of the walls 
of the ventricle, seen to become very much thinner towards 3", at the 
apex ; 4, a small part of the anterior wall of the left ventricle which 
has been preserved with the principal anterior columna camea or 
musculus papillaris attached to it ; 5, 5, museiili spapillares ; 5', the 
left side of the septum between the two ventricles, within the cavity of 
the left ventricle ; 6, 6', the mitral valve ; 7, placed in the interior of 
the aorta near its commencement dnd above the three segmentS'Of its 
semilunar valve which are hanging loosely together ; the exterior of 
the great aortic dnus ; 8, the root of the pulmonary artery and its 
semilunar valves ; 8', the separated portion of the pulmonary artery 
remaining attached to the jiorta by 9, the cord of the ductus arteriosus ; 
10, the arteries rising f^m the suxnmit of (he aortic arch. (From 
Quain's Anatomy.) * 
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attached all over the ventricular surface of tjie adjacent 
border-pieces of the principal portions of the valves, as 
well as to those smaller portions which have been mentioned 
as lying between each two principal ones. Moreover, the 
fjfiusculi papillares axe so' placed that irom the summit of 
each tendinous cords may proceed to the adjacent halves of 
two of the principal divisions, and to one intermediate or 
smaller division, of the valve? 

It has been already said that while the ventricles com- 
municate, on the one hand, withi the auricles, they communi- 
c&te, on the other, with the large arteries which convej the 
blood away from the heart; t^e right ventricle with the pul- 
monary arteiy (6., fig. 34), wliich conveys blood to the lungs, 
and the left ventricle with the aorta, which distributes it 
I to the general* system (7, fig. 35). JLnd as the auriculo- 
ventiicular orifice is guarded by valves, so are also the 
mouths bf the pulmonary ax^ry and aorta (figs. 34, 35)* 

The valves, three in, number, whiclwgucfrd the orifice of 
each of these, two arteries, are called the semilunar y^vos. 
They are nearly alike on bpth sides of the heart ; but those 
of the aorta are altogether thicker and more strongly con- 
structed than those of the pulmonary artery. Like the 
tricuspid and mitral valves, they are formed by a dupli- 
cature of the lining membrane of t|ie heart, strengthened 
by fibroua tisBue. Each valve is of semilunar shape, its 
convex margin being attached to a fibrous ring at the 
place of jancdoxi of the artery to the ventricle, and the 
concave or nearly straight border l^eingftej^ (fig. 35). In 
the centre of the &ee edge of the valve^ which contains a 
fine cord of fibrous tissue, is a small, fibrous nodule, the 
corpus Armuiiy Bxui ftom this and from the attached border 
fine fibres extend into every part of the mid substance of 
the valve, except a small lunated space just within the 
free edge, on each side of the corpus ^Arantii. Here the 
valve is thinnest, and composed of* little more than the. 
endc^rdium. l^tis constructed and attached, the three 
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semilunar valves are placed side by side around the arterial 
orifice of each ventricle, so as to form three little pouches, 
\^^hich can be thrown back and flattened by the blood pass- 
ing out of the ventricle, but which ' belly out immediately 
so as to prevent any return (6, %. 34). This will be again 
referred to immediately. 

The muscular fibres of the heart, unlike those of most 
involuntary^ muscles, present a striated appearance under 
the microscope. (See Chapter on Motion.) 

THE ACTION OP THE HEAEX- • * 

The heart’s action in propelling the blood consists in the 
successive alternate contractions and dHataiions of the mus- 
cular walls of its two auricles and two ventricles. The 
auricles contract simultaneously; so do the ventricles; their 
dilatations also aro severally simultaneous ; and the con- 1 
tractions of the one pair of cavities are synchronous with- 
the dilatations ti the other. 

The description of the action of the heart may best be 
commenced at that period in each action which immediately 
[)reccdes the beat of the heart against the side of the chest, 
and, by a veiy small interval more, i)recedes the pulse at 
the wrist. For at this lime 1he whole heart is in a passive 
state, the walls of both auricles and ventricles are relaxed, 
and their cavities are being dilated. The auricles are 
gradually filling with blood flowing into them from the 
veins ; and a portion of this blood passes at once through 
them into thejentricles, the opening between the cavity 
of each auricle and that of its corresponding ventricle 
being, during all the pause, j^e and patent. The auricles^ 
j however, receiving more blood than at once passes through 
I them to the ventricles, become, near the end of the phuse, 
.fully distended; then, in the end of the pause, they con- 
tract and empty their contents into the ventricles. The 
contraction of the^v' auricles is sudden* and very <j^uick ; it 
commences at the entrance of the great veins into them, 
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and is thence propagated towards the anriculo-ventricular 
opening ; but the last part which contracts is the aruricular 
appendi:s:. The effect of this contraction of the auricles is 
to propel nearly the whole of their blood into the ventricles. 
The reflux of blood into tjie great veins is resisted not only 
by the mass of blood in the veins and the force with which 
it streams into the auricles, but also by the simultaneous 
contraction of the muscular^ coats with which the largo 
veins are provided for some distance before their entrance 
into the auricles; a resistance which, however, is not so 
complete but that a small quantity of blood does regurgi- 
tate, i.e., flow backwards in^p the veins, at each auricular 
contraction. The eflect of this regurgitation from the 
right auricle is limited by the valves at the junction of the 
subclavian and internal jugular veins, beyond which the 
blood cannot move backwards; and the coronary vein, or 
vein which brings back to the right auricle the blood 
which has circulated in the substance pf tlie heart, is pre- 
served from it by a valve at its mouth. 

The blood which is thui^ driven, by the contraction of tlie 
auricles, into the corresponding ventricles, being added to 
that which had ah;eady flowed into them during the heart’s 
pause, is suffleient to complete the dilatation or diastole of 
the ventricles. Thus distended, they immediately contract: 
so imm( diately, indeed, that their contraction, or systole, 
looks as if it were continuous with that of the auricles. 
This has been graphically described by Harvey in the 
following passage : — These two motions, one of the ven- 
tricles, another of the auricles, take place consecutively, 
];>Ut in such a manner that there is a kind of harmony, or 
rhythm, poKiseat between them, the twq» concurring in such 
wise that but one motion is apparent; especially in the 
warmer blooded animals, in which the movements in ques- 
tion are rapid. Nor is this for any other reason than it is 
in a piece of machinery, ki which, t&ough one wheel gives 
mo^n to another* yet all the wheels seem to move simul- 
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taneously; or ia that mechanical contrivance which* is 
adapted to fire-arms, where the trigger being touched, 
down comes the fiint, strikes against the steel, elicits a 
spark, which, falling among the powder, it is ignited, upon 
which the fiame extends, enters the barrel, causes the 
explosion, propels the ball, and the mark is attained — all 
of which incidents by reason of the celerity with which 
they happen, seem to take place in the twinkling of an 
eye/' The ventricles contract much more slowly than 
the auricles, and in their contraction, probably always . 
thoroughly empty themselves, differing in this relSpect from 
the auricles, in which, even |fter their complete contrac- 
tion, a small quantity of blood remains^ The form and 
position of the fieshy columns on the internal walls of the 
ventricle appear, indeed, especially adapted to produce this * 
obliteration of their cavities during their contraction ; and the 
completeness of the closure may often be observed on making 
a transverse section pf a heart shortly after death, in any case 
in which the contraction of the rigor mortis is very marked. 

In such a case, only a centrjol fissure may be discernible to 
the eye in the place of the cavity of each ventricle. 

At the same time that the walls of the ventricles con- 
tract, the fieshy columns, and especially those of them 
called the muscvli papillares^ contract also, and assist in 
bringing the margins of the auriculo-ventricular valves 
into apposition, so that they close the auriculo-ventricular 
openings, and prevent the backward passage of tlie blood 
into the auricles (p. 1 13). The whole force of the ven- 
tricular contraction is thus directed to the propulsion of 
the blood through their arterial orifices. During the time ^ 
which elapses betw^n the end of one contraction of the 
ventricles, and the commencement of another, the com- 
munication between them and the great*arteries — ^the aorta 
on the left side, the pulmonipy artery on the right— is 
closed by the three seAiilunar valves situated at the orifice 
of each vessel. But*the force with which the current of 
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Llood is propelled by the coptraction of the ventricle sepa- 
rates these valves from contact with each other, and presses 
them back against the sides of the .artery, making a free 
passage for the stream of blood. Then, as soon as the ven- 
tricular contraction ceases, the elastic walls of the distended 
artery recoil, and, by pressing the blood behind the valves, 
force them down towards the centre of the vessel, and spread 
them out so as to close the office and prevent any of the 
blood flowing back into the ventrides (p. 1 18 ). 

As soon as the auriples have completed their contraction 
tfiey begin again to dilate, and to be refilled with blood, 
which flows into < them in ^ steady stream through the 
great venous trunks. They are thus filling during all the 
time in which the ventricles are contracting; and the con- 
traction of the Ventricle being ended, these also again 
dilate, and receive again the blood that flows into them 
from the , auricles. By the time that the yeufricles are 
thiis from -one-third to -two-thirds full, the auricles aro 
distended; these, then suddenly contracting, fill up the 
ventricles, as already desciyibed. > 

If we suppose a cardiac revolution, which includes the 
contraction of the auricles, l!he contraction of the ventricles, 
and thefr repofte, to occupy rather more than a second, the 
following table will represent, in tenths of a second, the 
time occupied by the various events we have considered. 

Contraction of Auridos . . i Repose of Auricles . . 1 1 

„ VentiideS . , 4 + „ Ventricles . . ,7-11 

Repose (no confsaction of 

either auricles or ventrides) 6 4 Contraction (of either 

— auricles or ventricles) 5 1 1 

II 

The pmriodu in whi^h the . several values of the heart are 
in a^on may be .^na^cted wil^ the foregoing table; for 
the auricido-yentricular^^^^^^ are closed, and the arterial 
valves are open duriiig fhe/ i^ole time of the ventricular 
cc^traction, whi^ during the dilatation mi distension of 
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the ventricles the latter valves are shut, the former open. 
Each half or side of the he^, through the action of its 
valves, may he 
compared with a 
kind of forcing 
pump, like the 
common enema- 
syringe witli two 
valves, of which 
one admits the 
fluid ^ on raising 
the piston, but 
is closed again 
when the piston 
is forced down ^ 

I ' 

wliilo tlio other 
opens for the es- 
cape of the fluid, 
hut closes when 
llie piston is 
raised, so as to 
prevent the re- 
gurgitation of the 
fluid already 
forced through it. 

The ventricular 
dilatation is liere 
represented by 
the raising -up of 
the piston ; the 
valve thus admit- 
ting fluid l^epre- 
sents the auriculo- 
ventricular valve, 
which is closed 

* Fig. 36. Diagrams of valves of the ]\aart [after Dalton). 
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again when the piston is forced down, wlien the ven- 
tricle contracts, and the other, i.e., the arterial, valve 
opens. The diagrams on the preceding X)age illustrate this 
very well. 

During auricular contraction, the force of the blood pro- 
pelled into the ventricle is transmitted in all directions, but 
being insufficient to raise the semilunar valves, it is ex- 
X)en4,ed in distending the ventricle, and in raising and 
gradually closing the aiiriculo- ventricular valves, which, 
when the ventricle is full> form a complete septum betwet^u 
it and the auricle. This elevation of the auriculo- ventricular 

* t 

valves is, no doubt, materially aided by the action of the 
elastic tissue which Dr. M^xkham has shown to exist so 
111 their structure, especially on the auricular- sur- 
face. When ihe Ventricle contracts, the edges of the valves 
are maintained in appo^iition by the simultaneous contrac- 
tion of the mu$cidi papiUare$, which are enabled thus to act 
by the arrangement of their tendinous cords just men- 
tioned. In this position the segments of the valves are 
held secure, even though 4lie*form and size of the orifice 
and the ventricle may ch^gs^during the continued con- 
traction ; for the border pieces are held by their mutual 
ax^position and the equal pressure of the blood on their 
ventriculai? surfaces; and the middle pieces are secure by 
their great strength, and by the attai*hment of the ten- 
dinous cords along their mai'gins, thei^ cords being always 
held tight by the contraction of the musculi papillares, A 
peculiar advantage, derived from the x>i^ojection of these 
(columns into the cavity of the ventricle, seems to be, tliat 
ithey prevent the y^lve from being converted into the auricle ; 
for, Wlien the ventricle contracts, aii|^ the parts of its walls 
to whiel^ through the medium of the columns, the ten- 
dinous cords are kf&d&d, ap|>roach the auriculo- ventricular 
would be a tendency to slackness of the 
cor^Uj;' S1l|^the Vj-lves might ile everted, if it were not that 
the wall of the ventricle is drawn towards the orifice. 
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the end of the simultaneously contracting fleshy column is 
drawn away from it, and the cords are held tight. 

What has ,been said applies equally to the auriculo- 
ventricular valves on both sides of the heart, and of both 
alike the closure is generally complete every time the 
ventricles contract. But in some circumstances, the closure 
of the tricuspid-valve is not complete, and a certain 
(j^uantity of blood is forced back into the auricle and, 
since this may be advantageous, by preventing the over- 
fllling of the vessels of the lungs, it has^ been -galled jilfe 
safety-valve action of this valve (Hunter, ^Wilkinson King). 
The circumstances in which it Usually happens are those in 
which the vessels of the lung are already full enough when 
the right ventricle contracts, as e, g,, in certain pulmonai^y 
diseases, in very iietive exertion, and in great efforts. In 
these cases, perhaps, because the . right ventricle cannot 
contract quickly or completely enough, the tricuspid valve 
does not completely blose, and the regurgitation of blood 
may be indicated by a pulsation in the jugular veins syn- 
chronous with that in the carotid* arteries. 

The arterial or aemiUinc^ valves are, as already said, 
brought into action by the pressure of the arterial blood 
forc^lid back towards the ventricles, when the elastic walls 
of the arteries recoil after being dilated by the blood i)ro- 
pelled into them in the previous contraction of the ventricle. 
The dilatation of the arteries is, in a peculiar manner, 
adapted to bring the valves into action. The lower borders 
of the semilunar valves are attached to the inner surface of 
a tendinous ring, which is, as it were,lnlaid, at the orifice 
of the artery, between the muscular fibres of the ventricle * 
and the elastic fibres of the walls of the artery. The tissue 
of this ring is tough, does not admit of extension under 
such pressure as it is commonly exposed lo ; the valves are 
.iequally inextensile, beingi||jlt already n^enfionhd, formed 
!|of tough, Glose*textared, fibrous tissue, with strong inter- 
Voven cords, aUd covered ^ith endocardium. Hence, when 

# • I 2 
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tlie ventricle propels blood through the orifice and into the 
(ianal of the artery, the later^ pressure which it exercises 
is sufficient to dilate the walls of the artery, hut not 
enough to stretch in an equal degree, if at all,' the unyield- 
ing valves and the ring to which their lower borders are 
attached. The efiect, therefore, of each such propulsion 
of blood from the ventricle is, that the wall of the first 
portion of the artery is plated into three pouches behind 
the valves, while the free margins of the valves, which had 
previously lain in contact witli the inner surface of the 
artery (as at a, ^fig. 37), are drawn inward towards its 


37 * 

B 



centre (fig. 37 , b). Their positions may be explained by 
the foregoing diagrams, in which the continuous lines 
repiesent a transverse section of tlie arterial walls, the 
dotted ones* the edges of the valves, firstly, when the valves 
are in contact with the walls (a), and, MH>ndly, when the 
walls being dilated, the valves are dvAwn away from 
them (b). ' . 

This position of the valves and arterial walls is retained 
. so long as the ventricle continues in contraction : but, so 

* 37* Sections of sorts, to sbow the action of the semilunar 

valves. A is intended to show the valves, represented by the dotted 
lines, in contact with the arterial walls, represented by the continuous 
outer lino. « (after Hunter) shows the arterial wall distended into 
thn^e pouches (a>, and drawn away from Ihe valves which are straight- 
eneil into the forns*of et][ttilaicral triangle, represented by the dotted 
knee. • 
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BOOH as it relaxes, and the dilated arterial walls can recoil 
by their elasticity, they pres$ the blood as well towards the 
ventricles as onwards in the course of the circulation. Part 
of the blood thus pressed back lies in the pouches (a, fig, 
37, b) between thewalves and the arterial walls; and the 
valves are by it pressed together tiU their thin lunated 
margins meet in three lines radiating from the centre to 
the circumference of the artery (7 and 8 , fi^g. 38). 


' Pfff. 38.* 



* Fig. 38. View cf the base of the ventricular part of the lieavt, 
showing the relative position of the arterial and auriculo-vcntricular 
oriiices. — J. The muscular fibres of the ventricles are €X}KXsecl by the 
removal of the peiifeardium, fat, blood-vessels, etc. ; the i)ulmonary 
artery and aorta have beea removed by a section made immediately 
beyond the attachment of the semilunar valves, and the auricles have 
been removed immediately above the auricuTo-veiitricukr orifices. The 
semilunar and auriculo-vcntricular valves are in the nearly closed con- 
dition. I, I, the base of the right ventricle ; i', the conus arteriosus ; 
2, 2, the base of the left ventricle ; 3, 3, tho divided wall of the right 
auricle ; 4, that of the left ; 5, 5', 5", the tricuspid valve ; 6, 6', the 
mitral valve. In the angles betwcjsn these •segments are seen the 
smaller fringes fre(iuently observed ; 7, the anterior part of the pul- 
monaiy artery ; 8, placed •up^fij^e posterior .part of* the root of the 
aorta ; 9, the right, 9',* the left coronary artery. (From Quain’s 
Anatomy.) 
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Mr, Sarory has clearly shown that this pressure of thej 
hlood is not entirely sustained by the valves alone, but in 
part by the muscular substance of the ventricle. Availing 
himself of a method of dissection 
hitherto apparently overlooked, 
namely, that of making vertical 
sections (fig. 3 &) through various 
paj;ts of the tendinous rings, lie 
has been enabled to show clearly 
that the aorta and pulmonary 
artery, expanding towards their 
termination, are situated upon tlie 
otitcr edge of the thick upper border 
of the ventricles, and that conse- 
quently the portion of each semi- 
lunar valve adjacent to the vessel 
passes over and rests upon the muscular substance — being 
thus supported, as it were, on a kind of muscular floor 
formed by the free border of the ventricle. The result of 
this arrangement will be tjiat the reflux of the blood will 
be most efficiently sustained by the ventricular wall.f 
The effect of the blood’s pressure on the valve is, as said, 
to cause their margins to meet in three lines rac^ating from 
tlie centre to the circumference (7 and 8, fig. 38). The con- 
tact of the valve in this position, and the complete closure 
of the arterial orifice, are secured by the peculiar construc- 
tion of their borders before mentioned. Among the cords 
which are interwoten in the substance of the valves, are 
two of greater strength aiid prominence ths^n the rest ; of 
which one extends along the free border of each valve, and 

39- Vertical section throngh the aorta at its junction with 
tlie left ventricle, i, Action of arterial coAt. 2, Section of valve, 

3 . Section of ventricle. * ’ , 

Mr. Savory*8 preparations, illnstratijigt this and other points in 
rfilatiou to the structi^re And functions of the calves of the heart, are iu 
the museum of St. Barthobmow’s Hospital 
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the oilier forms a double curvB or festoon just below- tlie 
free border. Each of tlie^e (?ords is attached hy its outer 
extremities to the outer end of the free margin of its valve, 
and in the middle to the corpus Arantii ; they thus eiudoso 
a lunated space froin a line to a line and a half in width, 
in which space tlie substance of tlie valve is much tluniier 
and more pliant than elsewhere. When the valves are 
pressed down, all tliese parts or spaces of their surfaces 
('ome into contact, and the closure of the arterial orifice is 
thus secured by the apposition not of the mere edges of the 
valves, but of all those thin lunated parts of ^acli, witich 
lie*between the free edges and tlio cords next below them 
These jiarts are firmly pressed together, and the greater 
the pressure that falls on them, the closer and more secure 
is their apjiosition; , The Tcorpora Arantii njeet at the centred 
of the arterial orifice wdien the valves are down, and they 
])i’ol)al)ly assist in the closure ; but they arc not essential 
to it, for, not unfrgcpxently, .tliey are wanting in the valves 
of the pulmonary artery, which are then extended in larger, 
thin, riapiiiiig margins. In valves of this form, also, tho 
inlaid cords are less distinct tliaii in those .with cori>ora 
Arantii ; yet the closure by contact of their surfaces is not 
loss secure. 


, Sounds of the Heart, 

When the ear is placed over the region of the ^wo 
isounds may be heard at every beat of the heart, wliich 
follow in quick succession, and are succeeded by a pause 
or period of silence. The first sound_is dull and pro- 
longed ; its commencement coincides wdth the impulse of 
tiie heart, and just precedes tlie pulse at^ the wrist. The 
second ^pujid, with a somewhat 
flapping character, and follows close after the arterial pulse, 
ffhe period of time occupied respectively by the two sounds 
'takea together, an^ by the pause; are almost exactly equal. 
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Tha relative length of time occupied by each sound, as 
compared with the other, is a lititle uncertain. The difference 
may be best appreciated by considering the different forces 
concerned in the production of the two sounds. In one case 
there is a strong, comparatively slow^, contraction of a 
large mass of muscular fibres,^ urging forward a certain 
quantity of fluid against considerable resistance ; while in. 
the other it is a strong bu<i^ shorter and sharper recoil c>f 
the elastic coat of the large arteries^ — shorter because 
there is’ no resistance to the flapping back of the semilunar 
valves, as tliere was to their opening. The difference may 
bo also expressed, ns Dr. C. J. B. Williams has remiuted, 
by saying the words lubh — dnp, . 

The even^ which correspond, in point of time, with tlio 
first sound, ar^^thc contraction of tlu^ ventricles, the first 
part of the dilatation of the auricles, the closure of the 
auriculo- ventricular valves, the ppCiiin^ of the, semilunar 
viilves, and the propulsion of blood into^-tlie arteries. The 
eouhS.Js succeeded, in about one-thirtieth of a second, by 
the' pulsation of the facial artery, and in about one-sixth 
of a second, by the i)ulsation of the ai’teries^ at the wrist. 
The secoud sound, in point of time, immediately follows 
the cessation of tiie ventricular contrjujiion, €^»d corresponds 
with the closure of the semilunar valves,, the continued 
dilatation of the auricles, tHb commencing dilatation of the 
ventricles, and the opening of the auriculo-ventricular ‘ 
vttlves.<f^ Tile pause immediately follows the second sound, 
and corresponds in its first part with the completed disten- 
sion of the auricles, and in. its second with their contraction, 
and the distension of i'the ventricles, the auriculo-ventricular 
^ Valves being all the time open, and the arterial valves 
closed. 

cjiief ^use of the first sound of the heart appears 
be the vibration of tEe aSiculo-ventm y^^lves, and 
liilit to a less extiint, of ventricular walt^ jmd 
<3ff the aorta And pulmonajjgjjiri^^ aU of whic|s. parts 
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are suddenly put into a state of tension at tlie moment of 
ventricular contraction. « / 

This view, long ago advanced by Dr. Billing, is sup- 
ported by the fact observed by Valeiitiii, that if a portion 
of a horse’s intestine, tied at one end, be moderately tilled 
with water. Without any admixture of air, and have a 
syringe containing water fitted . to the other end, tjie first 
sound of the heart is exactly imitated by forcing in more 
water, and thus suddenly rendering the walls of the intes- 
tine more tense. 

l^ie cause of the s^ond sovynd is more sifnplo than 
that of the first. It is pi;pbably due entirely to the 
sudden closure and conse^^nt vibration pf the semilunar 
valves when they are pressed down across the orifices of 
the aoka and pulmoiiary artery; for, ^ of tlie other events, 
which take place during the second sound, none is cal- 
culated to produce sounds The iufiueiKje of the valves 
in producing the s^und, is illustrated by the experiment 
already quoted from Valentin, and frim otliers performed on 
large animals, such as calves, ip which the results could 
be fully appreciated. In these experiments two delicate 
curved needles were inserted, one into the aorta, and another 
' into the pulmonary artery, below the line of attachuient of 
the semilunar valves, and, after being curried upwards 
about half 'an inch, were brought out again through the 
coats of the respective vessels, so that in each vessel one 
valve was included between the arterial walls and the wire. 
Upon applying the stethoscope to the vessels, after such, 
an operation, the second sound had ceased to be audible. 
Disease of these Valves, when so extensive' as to iuterfera 
with their efficient notion, also often demonstrates the same 
fact by modifying or destroying the distiijctness of the 
second sound. • 

One reason for the seeond sound being clearer and 
sharper one than the* may be, that th^ semilunar 
valves we not covered itt by the thicS; layer of fibres 
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coinposing' the walls of the heart to such an extent as are 
the auriculo-vcntricular. It* might, bo expected therefore 
that their vibration would be more easily lieard through a 
stetliosoope applied to tho walls of the chest. 

The contraction of the auricles which takes jdace in tho 
end of tlie pause is inaudible outside tlie chest, but may be 
heard, when the heart is exposed and tho stethoscope 
placed on it, as a slight. <»60und preceding and continued 
into the louder sound of the ventricular contraction. 

The L))pidsc of the Heart , — ^At the comnien cement of each 
veiitriculal’ contraction, the heart may be felt to beat with 
a sliglit sliock or impulse against the walls of the chest. 
Tliis impulse is paost evident in the space between the fifth 
and sixth ribs, between one and two inches to the left of 
the sternum, c. The force of the impu* se, and tho extent to 
which it may be perceived beyond this point, vary (‘on- 
siclerably in different individuals, and in the same indi- 
viduals under diflbrent circunistanccf^. It is felt more 
distinctly, and over a larger extent of surface, in emaciated 
than in fat and robust pe;rsons, and more during a forced 
expiration tlian in a deep inspiration ; for, in the one case, 
the int<Tvention of a thick layer of fat or muscle between 
tlie hcNirt and the surface of the cliest, and in the other the 
inflation of the portion of lung which overlaps the heart, 
jirevonts the impulse from being fully transmitted to the 
surface. An excited action of the heart, and especially a 
liypertrophied condition of the ventricles, will increase the 
impulse, w^hile a dejiressed condition, or an atrophied state 
of the ventricular walls, will diminish it. 

The impulse of the hea^t is probably the result, in part, 
|o.f a tilting forwards, of apex, so that it is made to 
|.strike against the walls of the chest. This tilting move- 
,^bu«nt is thought tp be effected by the contraction of the 
|spiral muscular fibres of the ventricles, and especially of 
sHcertaiu of these fibres which, aecor'ding to Dr. Reid, arise 
from the base of the ventricular septum, pass, downwards 
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and forwards, forming part of the seplnin, tlien emerge 
and (Jiirve spirally around tko apex and adjacent portion 
of the heart. The whole extent of tlie nlovement thus 
produced is, however, but slight. The condition, which, 
no doubt, contributes most to the octjurrence and character 
of the impulse of the heart, is its change of shape ; for, 
during the contraction of the ventricles, and the consequent 
ap])roximation of the base towards the apex, the heart 
becomes more globular, and bulges so much, that a distinct 
impulse is felt when the finger is placed over the bulging 
portion, either at the front of the chest, or* under tlio 
diaphragm. The productioi^ of the impulse is, perhaps, 
further assisted by the tendency of the aqrta to straighten . 
itself and diminish its curvature when distended with the ' 
blood impelled by the ventricle ; and by tlie elastic recoil 
of all the parts about the base of the heart, which, accord- 
ing to the experiments of Kurschner, are stretched down- 
ward and backward by the blood flowing into the auricles 
and ventricles during the dilatation of the latter, but re- 
cover themselves when, at the l^egiiiuing of the contraction 
of the ventricles, the flow through the auricula- ventricular 
orifices is stopped. But these last -mentioned conditions 
can only be accessory in the perfect state of things; for tho 
same tilting movement of the heart ensues when its apex is 
cut off, and when, therefore, no tension or change of form 
can be x^roducod by the blood. 

Although what we generally recognise as the impulse of 
the heart is produced in the way just mentioned, tho beat 
is not so simple a shock as it may ‘ seem when only felt 
by the finger. By means of an, instrument called a cardior 
graph, it may be shown to be compounded of three or four 
shocks, of which the finger can only feel the .greatest. 

The cardiograph is a tube, dilated cat one end into a 
cup or funnel, either open^outhed or closed by an elastic 
membrane, while at* liih# other it ’commiunicates with 
the interior of a small metal drum, one* side of which is 
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formed by an elastic membrane, on which rests a finely- 
balanced lever, like that of the sphygmograph (fig. 42). 

When used, the cup at one end of the tube is placed 
immediately over the part of the chest-wall at which tlie 
apex of the heart beats ; while the lever on the dnim is 
Xdaced in contact with a registering apparatus. (See de- 
scription of sphygmograph, p.^147.) When the heart 
beats, the shock communi/pates a series of impulses to the 
column of air in the now closed tube, with the efiect of 
raising the elastic wall of the drum, and of course the 
lever which is attached to it. A tracinrf of the heart’s 
irnjjulse is thus obtained in ^the same way as that of tlie 
I)ulse, in the arteries (figs. 44 and 45). 

The tracing shows that besides the strong beat which 
alone the finger recognises as the impulse of the .heart, 
and which is caused by the contraction of the ventricles, 
there are other minor shocks which are imperceptible to 
the touch. The latter, M. Mitrey, by experiments on tlie 
lower animals, has proved to be the results, resx)ectively, 
of the contraction of the auricles, and of the closure of the 
auriculo-ventricular and semilunar valves. 

Frequency and Force of the Heart* e Action, . 

The frequency wi^' which the heart performs the actions 
we have described, may be counted by the pulses at the j 
wrist, or in any other artery ; for these correspond with 
the contractions of the ventricles. 

The heart of a healthy adult man in the middle period 
'of life, acts from jaftveniyjp^ seyeixt^ in a minute. 

The frequency of the heart’s action gradually diminishes 
from the comrqencement to i?iear the end of life, but is said 
to rise again somewhat in extreme old age, thus : — 
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In the embryo the average number of pulses in a minute is 156 
Just after birth . ’ . , . . . from 140 to 130 

During the first year 130 to 115 

During the' second year 115 to 100 

During the third year 100 to 90 

About the seventh year 90 to 85 

About the fourteenth year, tlie overage numl>cr 

of pulses in a minute is from . . . 85 to 80 

In adult age 80 to 70 

In old age , . 70 to 60 

In decrepitude 75 to 65 

I41 persons of sanguine temperament, the lioart acts^ 
somewhat more frequently lhan in those of the phleg- 
matic ; and in the female sex more frequently than in the 
male. ^ 

After a meal its allhtion is accelerated, and still more so 
during bodily exertion or mental excitement ; it is slower 
during sleep. The effect of disease in producing temporary 
increase or diminution of tlie heart’s action is well known. 
From the observation of several experimenters, it appears 
that, in tlie state of health, the jiulse is most frequent in 
the morning, and becomes gradually slower as the day 
advances : and that this diminution of frequency is botli 
more regular and more rapid in the evening than in the 
morning. It is found, also, that as a general rule, the 
pulse, especially in the adult male, is more frequent in the 
standing than in the sitting posture, and in the latter than 
in the recumbent position; the difference being greatest 
between the standing and the sitting posture. The effect 
|of change of posture is greater as the frequency of the 
jpulse is greater, and, accordingly, is more marked in the , 
* morning than in the evening. Dr. Guy, by supporting 
the body in different postures, without the aid of muscular 
effort of the individual^ has proved 'that the increased 
j freq uency of the puls e positions 

jiT depe hdent upon 1 ^ 15 ! 55 ^lar exertion jj^aged^ 
ta^ng^them; the effect ol these ^stures on the., 
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pulse being almost entirely prevented when the usually 
attendant muscular exertion* was rendered unnecessary. 
The effect of food, like that of change of posture, is greater 
in the morning than in the evening. According to Parrot, 
the frequency of the pulse increases ;in a corresponding 
I ratio with the elevation above the sea ; and Dr. Franldand 
informed the author, that at the summit of Mont Blanc his 
pulse was about double the ordinary standard all the time 
he was there. After six hours* perfect rest and sleep at 
the top, it was 1 20, on descending to the corridor it fell to 
108, at the Grands Mulcts it was 88, at Chamounix^56; 
normally, his j)ulse is 60. r 

In health there is observed a nearly uniform relation 
between the frequency of the pulse and of the respirations ; 
the proportion^being, on an average, hue of the latter to 
three or four of the former. The same relation is generally 
maintained in the cases in w^hich the pulse is naturally 
accelerated, as after food or exercise ; d)ut in disease tliis 
relatjipn usually cieafieS-tQ,iixist. In many affections accom- 
jjanied with increased frequency of the pulse, the respira- 
tion, is, indeed, also accelerated, yet the degree of its 
acceleration bears no definite proportion to the increased 
number 6 t the lieart’s actions ; and in many other cases, 
the pulse becomes more frequent without any accompany- 
ing increase in the number of respirations ; or, the respi- 
ration alone may be accelerated, the number of pulsations 
remaining stationary, or even falling below the ordinary 
standard. (On the whole of this subject the article Pufsn 
by Dr. Guy, in the Cyclopsedia of Anatomy and Physiology, 

^ may be advantageously consulted.) 

The /orc^ with which the left Ventricle of the heart con- 
tracts is about double theft exerted by the contraction of 
the right: being equal (according to Valentin) to about 
of the weight of Ine whole body, that of the right 
tfpng equal only toS-^trl^ of the saipe* This difference 
in the amount of force exerted by the contraction of the two 
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.ventricles," results from the walls of the left veiitriclo being 
Lbout twice as thick as thos^ of the right. And tlie dk- 
ference is adapted to the greater degree of resistance 
the left ventricle has to overcome, compared wdth that to 
be overcome by the. right: the former having to propel 
blood through every part of the body, the latter only 
through tlie lungs. 

The force exercised by the auricles in their contraction 
has not been determined. Neitlier is it known wdth wiiat 
amount of force either the auricles or the ventricles dilatg ; 
but ^here is no evidence for the opinion, that in their dila- 
tation they can materially assist the circulation by any sucli 
action as that of a suckiug-pump, or a caoutchouc bag, in 
drawing blood into their cavities. That the force which 
the ventricles exercisft in dilatation is very slight, has been 
proved by Ocsterreicher. lie removed the heart of a frog 
from the body, and laid upon it a substance sufficiently 
heavy to press it fleet, and yet so small as not to conceal the 
heart from view ; he then observed that during the con- 
traction of the heart, the weight was raised; hut that 
during its dilatation, the heart remained flat. And tho 
same wms shown by Dr. Clendinning, w'ho, apidying tlie 
points of a pair of spring callipers to the heart of a live 
ass, found that their points were separated as often as the 
heart swelled up in the contraction of tho ventricles, but 
approached each other by the force of the spring when tlio 
ventricles dilated. Seeing how slight the force exerted in 
the dilatation of the ventricles is, it has been supposed 
that they are only dilated by the pressure of the blood 
impelled froni the auricles ; but that both ventricles and 
auricles dilate spontaneously is proved by their continuing 
their successive oontra^ions and dilatations when the heart 
is removed, or even wh^ they i^paratied &om one 
another, and when there^ce no such force as the pressure 
of blood cm be exercised to dilate them^ By such spon- 
taneous dilatation they at least olTer no resistance to the 
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influx of blood, and «ave the force which would otherwise 
be required to dilate them. 

The capacity of the two ventricles is probably exactly the 
same. It is difficult to determine with certainty how much 
this may be ; but, taking tlie mean of various estimates, 

I it may be inferred that each ventricle is able to contain on 
an average, about three ounces of blood, the whole of which 
is impelled into their respective arteries at each contraction. 
The capacity of the auricles is rather less than that of the 
ventricles : the thickness of their walls is considerably less. 
The latter condition is adapted to the small amouijt of 
force which the auricles require in order to empty them- 
selves into their adjoining ventricles; the former to the 
circumstance of the ventricles being partly filled with blood 
before the auricles contract. v 

Cause of the Bhythmic Action of tJie Heart, 

It has been attempted in various ways to account for the 
existence and continuance of the rhythmic movements of 
the heart, By some it ha^ been exposed that the contact' 
of blood with the lining membrane of the cavities of the ; 
heart, furnishes a stimulus, in answer to wiiich the walls of 
tliese cavities- contract. But the fact that the heart, es- 
pecially in Amphibia and fishes, will continue to contract 
and dilate regularly and in rhythmic order after it is re- 
moved from the body, con)pletely eihptied of blood, and 
even placed in a vacuum yrhere it cannot recjeive the sti- 
mului^ of the atmos^iheric ^ir,. is a proof that even if the 
contact of blood be the ordinaiy stimulus to the heart’s 
contraction, it cannot alone be an explanation of its 
rhythmic motion. ? 

The influence of the mind, and cX some affections of the 
brain and spinal upon the act^n of the heart, proves 
that it is not altogether, or at all times, independent of 
the cerebro^spinal nervous systenu^ Yet the numerous 
^jl^xperiments instituted for the puipo of determining the 
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exact relation in which the heart stands towards this 
s^'stem, have failed to provfe that the ac^tion is directly 
governed under ordinary circumstances by- the power of 
any portion of the brain or spinal cord. Sudden destruc- 
tion of either the brain or spinal cord alone, or of both 
together, produces, immediately, a temporary interruption 
or cessation of the heart’s action : but this appears to be 
only an effect of the shock of so severe an injury ; for, in 
some such eases, the movements of the heart are subse- 
quently resumed, and if artificial respiration be kept uy, 
may continue for a considerabk time ; and may then again 
be arrested by a violent shoclt applied through an injury 
of the stomach. While, therefore, we -must admit an 
indirect or occasional influence exercised by, or through, 
the brain and spinal dbri upon the movementfi of the heart, 
and may believe this influence to be the greater the*' more 
highly the several organs are developed, yet it is clear that 
we cannot ascribe the regular determination and direction 
of the movements to these nervous centres. 

The persistence of the^ movements of the heart in tlieir 
regular rhythmic order, after its removal froni tlie body, 
and their capability of being then re-excited by an ordinary 
stimulus after they have ceased, prove that the cause of 
these movements must be resident within the heart itself. 
And it seems probable, from the experiments and observa- 
tions of various observers, that it is connected with the" 
existence of numerous minute ganglia of the s^pathetici 
nervous system, which, with ^connecting nerve-fibres, are' 
distributed through tlie substance of the heart. These! 
ganglia appear to fibct as so many centres or organs for the ' 
production of motor impulsed; while the connecting nerve- 
fibres unite thorn into one system, and enable them to act 
in concert and direct Jheir impulses (36 as to excite in 
regular series the siic^ess^' contractions of several 
musdes Of the hea^. « il^O^mode in whi^h ganglia thus 
act as centres and co-ordinutors of nervous power will be 
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described in the chapter on the Neryous System ; and 
it will appear probable that *the chief peculiarity of the 
lieart, in this respect, is due to the number of its ganglia, 
and the apparently equal power which they all exercise ; 
so that there is no one part of the heart whose action, more 
than another’s, determines the actions of the rest. Thus, 
if the heart of a reptile be bisected, the rhythmic, suc- 
nessive actions of auricle and ventricle will go on in both 
halves: we tlierefore eSfanot say that the action of the 
jyght side determines or regulates that of the left, or rice 
versa; and we must suppose that when they act together 
in the perfect heart, it is because they are both, as it were, 
set to the same time. Neither can we say that the auricles 
determine the action of the rentricles; for, if they are 
a<q^arated, thby will both contract dnd dilate in regular, 
though not necessarily similar, succession. A fact pointed 
out }>y Mr, Malden shows how tlie several portions of each 
cavity are similarly adjusted to act alBce, yet independently 
of each other. If a point of the surface of tlie ventricle 
of a turtle’s or frog’s heart be irritated, it will immediately 
contract, and very quickly afterwards all the rest of the 
ventricle will contract ; but, at the close of this general 
contraction, th,ti i^art that was irritated and contracted first, 
is slightly distended or pouched out, showing tliat it u’fts 
adjusted to contract in, and for only, a certain time, and 
that therefore as it began to contract first, so it began to' 
dilate first. 

The best interpretation, |>erl^ap8, yet given of it, and 
of rhythmic processes in general, is that by Mr. Paget, 
• who regards them as dependent on. rhythmic nu trition, Lp., 
on a method of nutrition ih which acting parts are 
gradually raised; wiA^im^regids^^ to a certain 

state of instability 9 | (xmposi^ then wues in the 

discharge of their fimctio^; nerve-fojtee in the case 

of the cardiac gwaglia, 1^' which force the ixiu«0ttlar walls 
are excited to contraction. Acporilixig to this view, there is 
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. iu the nervous ganglia of the hearty and in all parts 
originating rhythmic processes, the Same alternation of 
periods of action with periods of repose, during which the 
waste in the structure is repaired, as is observed in most 
of, if not all, the organic phenomena of life. All organic 
l^rocesses seem to be regulated with exact observance of 
time ; and rhythmic nutrition and action, as exhibited in 
the action of the heart, are but well-marked examples of 
such chronometric arrangement. 

We may conclude, then, that the nervous ganglia in the 
jlieart^s substance ii^re the immediate regulators of the 
Hieart’s action, but that they tare themselves liable to in- 
fluences conve3’ed from without, through branches of the 
piieumogastric and sympathetic nerves. 

The pneumogastric %ierves are the media of an inhibitory 
i or restraining influence over the action of the heart ; for 
i when by section their influence is withdrawn, the pulsa- 
tions of the organ a|:s increased in frequency and strength ; 
while an opi)osite effect is produced by stimulating them, 
— tlie transmission of an electria current of even moderate 
strength, diminishing the pulsations, or stopping them 
altogether. Stimulation of the sympathetic nerves, on the 
other hand, accelerates and strengthens the hearths action. 

Various theories have been proposed to account for 
these peculiar results, but none of them are very satis- 
factory, and it is probable that many more facts must be 
discovered before any theory on the subject can be per- 
manently maintained. ^ 

The connection of tl^ie action of the heart, with, the other 
organs, and the influences to which it is subject through ; 
them, are explicable from the connection pf its nervous 
system with the other gfpaglia of the sympathetic, and with 
the brain and spinal c^ through, chiefly, the pneumo- 
gastric nerves. But this influence is proved in a much 
mpre striking manner^t>y t||e phenomeh^ of disease than 
by any experimental or ower physiologic^ observations. 

» K 2 
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TKe influence of a shock in arresting or modifying the 
action of the heart, — its very«slow action after compression 
of the brain, or injury to the cervical portion of the spinal 
cord, — its irregxdarities and palpitations in dyspepsia 
and hysteria, — are better evidence for the connection of 
the heart with the other organs through the nervous’ 
system, than are any results obtained by experiments. 

Effects ^ the Heart's Action. 

That the contractions of the heart supply alone a suffi- 
cient force for the circulation of the blood, appears to be 
established by the results of* several experiments, of which 
the following is'one of the most conclusive : — Dr. Sharpey 
iniected bullock*8 blood into the thoracic aorta of a dug 
recently killed, after tying the abdominal aorta above tlie 
renal arteries, and found that, with a force just o(^ual to 
that by which the ventricle commonly impels the blood in 
the dog, the blood which he injected into the aorta passed 
in a free stream out of the trunk of the vena cava inferior. 
It thus traversed both the^ systemic and hepatic capillaries ; 
and when the aorta was not tied above the rciials, blood 
injected under the same pressure flowed freely through tlie 
yeasels of the lower extremities. A pressure equal to tliat 
of one and a half or two inches of mercury was, in the 
same way, found sufficient to pi^pcl blood through the 
vessels of the limgs. 

But although it is prob^ly Jbrue that the lieart’s action 
alone is sufficient to ensure me circulation, yet there exist 
several other forces which are, as it were, supplementary 
' to the action of the heart, assist it in maintaining the 
circulation. The principal 6( these supplemental forces 
have been alroadj)^ oHuded to, and will now be more fully 
|d]Ktedout. y < 
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THE AHTEHIES. 

The walls of the arteries are composed of three principal 
coats, termed the external or tunica adventitia, the middle, 
and the internal, while the latter is lined within by a single 
layer of tesselated epithelium. 

The external coat or tunica adventitia, the strongest and 
toughest part of the wall of the artery, is formed of areolar 
tissue, with which is mingled tliroughout a network of 
clastic fibres. At the inner part of this outer co&t the 
elastic network forms in most arteries so distinct a layer 
as to*be sometimes called the externul elastic coat, 

' The middle coat is composed*of both muscular and elastic 
fibres. 

The former, which are of the pale or unstriped variety (see 
CJhapter on Motion), are arranged pig, 40.* 

for the most part transversely to 
the long axis of the artery; while 
the elastic element,* taking also 
a transverse^ direction, is disposed 
in the form of closely inter-* 
w'oven and branching fibres, 
which intersect in all parts the 
layers of muscular fibre. In 
arteries of various size there is 
\VL difference in the proportion of 
;the muscular and elastic element, 

'^dlastic tissue preponderating in 
’jthe largest arteries, while tfiis 
condition is reversed in those of medium and small size. 

The internal arterial coat is formed by kyersj[rf. elastic* 
tissue, consisting in part of coarse longitudin al br anching 
fibres, and in part of a very thin and britjfte„„i09Lembrane 
which possesses little hlasticity, and is 'thrown into folds 

* Fig. 40. Muscular Abte-colll from human wtjmneB, magnified 350 
diameters (Kolliker); a, natural state ; b, treated with acetic acid. 
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or wrinkles when the artery contracts. This latter mem- 
brane, the striated or fenestlrated coat of Henle, is pecu- 
liar in its tendency to curl up, when peeled off from the 
artery, and in the perforated and streaked appearance 

which it presents under 
the microscope. Its inner 
surface is lined Math a de- 
licate layer of epithelium, 
composed of thin squamous 
elongated cells, M-hieh maki^ 
it smooth and polished, and 
fiumish a nearly imperme- 
able surface, along Mdiich 
the blood may flow Math 
the shiallest possible amount 
of resistance from friction. 

The M’alls of the arteries, with the possible exception oi 
the epitheliallining and the layers^ of the internal mat 
immediately outside it, are hot nourished by the blood 
which they convey, but are, like other parts of the body, 
supplied with little arteries, ending in capillaries and veins, 
which^ branching throughout the external coat, extend for 
some distan<iie into the middle, but do not reach the internal 
iOdt. These nutrient vessels are called va$onm* 
Nerve-flbres are also supplied to the walls of the arteries. 

The fhnotion of the arteries is to convey blood from the 
heart to all parts of the body, and each tissue which enters 
into the construction of an artery has a special purpose to 
serve in this distribution. 

* (i.) The external coat forms a strong and tough invest- 

ment, whiob, though capable of extension, appears princi- 
pally designed to sirmgiheDL the arteries and to guard 
^against their ex^Seasive distension from the force of the 

I ■ kV ’ ; 

; ; -.-y 

* Fig. 41. Portion of fenestmhid memfcraae froipfi the ornral artery, 
l^lnagnifled soo diameterik a, b, c, peiforations (from Heulo). • 
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heart’s action. In it, too, the little v€isa vasonim find a 
suitable tissue in which to st\bdivide for the supi)ly of the 
arterial coats* 

(2.) .The purpose of the elastic tissue, which enters so 
largely into the formation of all tlie coats of the arteries, is, 

I si, T^ ^ard the artdnes from the suddenly exerted 
pressure to which they are subjected at each coutradion of 
the venti'icles. In every such contraction, tlie contents of 
the ventricles are forced into the arteries more quickly 
thau they can be discharged into and through the capil- 
laries. I'he blood therefore being, for an instairt, resisted 
in it*8 onward course, a part of the force Avith which it was 
impelled is directed against the sides of the arteries ; under 
this force, 'which might burst a brittle tube, their elastic 
M’alls dilate, stretchir^g enough to receive t^e blood, and 
as they stretch, becoming more tense and more rejsisting. 
Thus, by yielding, they, as it were, break the shock of tlie 
force impelling, tfeiB^blood, and exhaust it before they are 
in danger of bursting, through being overstretched. Elas- 
ticity is thus advantageous in all arteries, but chiefly so in 
fho aorta and its large branches, which are jirovided, as 
already said, with a large proportional quantity of elastic 
tissue, in adaptation to the great force of the left ventricle, 
which falls first on them, and to the increased pressure of 
the arterial blood in violent expiratory efforts. 

On the subsidence of the pressure, when the ventricles 
cease contracting, the arteries are able, by the same elas- 
ticity;, to resume their former calibre ; and in thus doing, 
they manifest the 2ftd chief purpose of their elasticity, that, 
namely, of equaliaing_the ,ciOTen^ of the blood , by main; 
taining,prjgs8ure.pn^ the blood in the 'arteries during the 
periods at which the yentMles are at rest or dffating. If 
some such method as tills had not be^n adopted— if for 
example the, arteries liad been rigid tubes, the bloo<3, 
instead of flowing, aa^t in a constant streiin, would 
have been propelled tW>ti^ the arterialbystem in a series 
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of jerks corresponding to the ventricnlar contractions, with 
intervals of almost complete lysst during the inaction of the 
ventricles. But in the actual condition of the arteries, the 
force of the successive contractions of the ventricles is 
expended partly in the direct propulsioli of the blood, and 
partly in the dilatation of the dastic arteries ; and in Hie 
intervals between the contractions of the ventricles, the 
force of tlie recoiling and contracting arteries is employed 
.in continuing the same direct propulsion. Of cjourse, iho 
pressure exercised hy tlie recoijing arteries is equally 
diffused !n every direction through the blood, and the 
blood would tend to move b^,okwards as w^ell as onwards, 
but that all movement backwards is prevented by" the 
c losure of the semi-lunar arterial valves, which takes place 
at the very ^rommencement of the <recoil of the arterial 
walls. 

By this exercise of the elasticity of the arteries, all tho 
force of the ventricles is made advantageous to the circula- 
tion; for Hiat part of their force which is expended in 
dilating the arteries, is restored in full, accjording to that 
law of action of elastic bodies, by w'hich tliey return to the 
state of rest with a force equal to that by which they w'ero 
disturbed therefrom. There is thus no loss of force; but 
neither is there any gain, for the elastic walls of the artery 
cannot originate any force for the propulsion of the blood — 
they only restore that which they received from the ventri- 
cles; they would not contract had they not first been 
dilated, any more than a spiral spring would shorten itself 
unless it were first elongated. Th# advantage of elasticity 
in this respect is, therefore, not that«it increases, but that 
it equaliases or diffuses the force derived 'from tlie periodic 
contractions of the ventricles, '^e force with, wliidh ihe 
arteries are dilated every time the ventridias contract, 
might be said to be received t^em in store, to be all 
given out again in <he next sueceedfrg period of dilatation 
^ the ventricles.* It is by this egoalizing ihfluenoe of the 
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Kucoessive branches of every artery that, at length, tlie 
intermittent accelerations produced in the arterial current 
by the action of the heart, cease to be observable, and the 
jetting stream is converted into the continuous and ccpiable 
movement of the blood which we see in the capillaries and 
veins. 

In the production of a continuous steam of blood in the 
smaller arteries and capillaries, the resistance which is 
offered to the blood-stream in the capillaries (p. 1 61) is a 
necessary agent. Were there no greater obstacle to the 
€HC{xj>e of blood from the arteries than exists to ils entrance 
into tliem from the heart, the stream would be intermittent, 
notwithstanding the elasticity of tlie w^alla of the arteries. 

It is the resistance which the left ventricle meets with 
in forcing blood int<> the arteries that causes part of the 
force of its contraction to be expended in dilating them, 
or, as before remarked, in laying up in them a power 
which will act in the intervals of the ventricle’s contrac- 
tion. 

(3.) By means of the elastic tissue in their w^alls (and of 
the muscular tissue also), tlie arteries are enabled to dilate 
and contract readily in correspondence with any temporary 
increase or diminution of the total quantity of blood in 
the body j and within a certain range of diminution of 
tlie quantity, still to exercise due pressure on their 
contents. 

The elastic coat, however, not only assists in restoring 
the normal calibre of an artery after temporf^ dilatation^ 
but also (4) may assist in restoring it after diminution of 
the calibre, whether this be caused by a temporary con. 
traction of the mii^ular coat, or the application of a com- 
pressihg force from without. This action of the elastic 
tissue in arteries, is well shown in arteries which contract 
after death, but regain tlieir average patency on the cessa- 
tion^ of post-aaortem pgi<lfty (p. 140)- \iS*) By means of 
their elastic coat the arteries are enahlea to adapt them- 
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selves to the different movements of the several parts ot 
the body. o 

We have already referred to the fact that the middle 
coat of the arteries is composed of unstriped muscular 
fibres, mingled with fike elastic fdaments. The evidence 
for the muscular contractility of arteries may, however, be 
given briefly for the sake of the physiological facts on 
which it hinges. 

(i.) When a small avtery in the living subject is exposed^ 
to the air or cold, it gradually but manifestly contracts,;^ 
Hunter observed that the posterior tibial artery of a dog, 
Avhen laid bare, became in a,short time so much contriicted 
as almost to prevent the transmission of blood ; and the 
observation has been often and variously confirmed. 
Simple elastioity could not effect this; for after death, 
when the vital muscular power has ceased, and the 
mechanical elastic one alone operates, the contracted 
artery dilates again. » 

, (2,) When an artery is cut across, its divided ends con- 

tract, and the orifices nv^y be completely closed. Tlie 
rapidity and completeness of this contraction vary in 
different animals; they are generally greater in young 
than in old animals ; and less, apparently, in man than in 
animals. In part this contraction is due to elasticity, but 
! in part, no doubt, to muscular action ; for is generally 
increased by the application of cold, or of any simple 
stimulating substances, or by mechanically irritating the 
cut ends of the artery, as by picking or twisting them. 
Such irritation would not be followed by these effects, if 
the arteries had no other power Of contracting than that 
depending upon elasticity. 

(3.) The contractile properly of arteries continues. many 
; hours after death, and thus afibrds on opportunity of distin- 
Igttishiag it from elasticity. When a portioii of an artery, 
the splenic, for example, of a redSjitly H&ed animal, is 
exposed, it gradually contracts^ and its canal may be 
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thus completely closed : in this contracted state it remAins 
for a time, varying from a few hours to two daj^s : then it 
dilates again, and permanently retains the same size. If, 
while contracted, the artery he forcibly distended, its con- 
tractility is destroyed, and it holds a middle or natural size. 

This persistence of the contractile property after death 
was well shown in an observation of Hunter, which may 
I be 'mentioned as proving, also, the greater degree of 
I contractility possessed by the smaller than by the larger 
arteries. Having injected the uterus of a cow, which 
Iia(^ been removed from the animal upwards of twenty-four 
liours, he found, after the Ifi^se of another day, tliat the 
larger vessels had become much more turgid than when he 
injected them, and that the smaller arteries had contracted 
so as to force the inaction back into the laiiger ones. 

The results of an experiment which Hunter made with 
the vessels of an umbilical cord pr9ve still more strikingly 
the lotig continuance of the contractile power of arteries 
after death. In a woman delivered on a Thursday after- 
noon, the umbilial cord was •separated from the foetus, 
having been first tied in two places, and then cut between, 
so that the blopd contained in the cord and placenta was 
confined in them. On the following morning. Hunter tied 
a string round the cord, about an inch below the other 
ligature, tliat the blood might still be confined in the 
placenta and remaining cord. Having cut off this piece, 
and allowed all the blood to escape from its vessels, he 
attentively observed to what size the ends of the cut arte- 
ries were brought by the elasticity ' of their coats, and then 
laid aside the piece of cord to see the infiaenGe of the , 
contractile power of its vessels. On Saturday morning, 
the day aftw, the mouths of the arteries were completely 
closed up. He related the experiment the same day wdth 
another portion of the same cord, and on the .following 
morning found the to bo preoiiely similar. On the 

Sunday, he performed the experiment me third time, but 
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the’ artery then seemed to have lost its contractility, for on 
the Monday morning, the months of the cut arteries were 
found open. In each of these experiments there was but 
little alteration perceived in the orifices of the veins. 

(4.) The influence of cold in increasing the contraction of 
a divided artery has been referred to : it has been shown, 
also, by Schwann, in an experiment on the mesentery of a 
living toad. Having extended the mesenter under the 
microscope, he placed tlj^ou it a few drops of water, the 
temperature of which was some degrees lower than that of 
tlie atmosphere. The contraction of the vessels soon qpra- 
menced, and gradually increaeed until, at the expiration of 
ton or fifteen minutes, the diameter of the canal of an 
artery, which at first was 0 07 24 of an English line, was 
reduced to 0*0176. The arteries then dilated again, and 
at the expiration of half an hour had acquired nearly their 
original size. By renewing the application of the water, 
the ^ contraction was reproduced : in this way the experi- , 
inent could be performed several times on the same artery. 
It is thus proved, that coUl will excite contraction in tlie 
walls of very small, as well as of comparatively large 
iirteries : it could not produce such contraction in a merely 
elastic substance ; but it is a stimulus to the organic mus- 
cular fibres in many other parts, as well as in the arterial 
coat; as, in the skin, the dartos, and the> walls of the 
bronchi. 

(5.) Lastly, satisfactory evidence of the muscularity of 
the arterial coats is furnished by the experiments of Ed. 
and E. II. Weber, and of ^Professor Kcilltker, in which 
they applied the stimulus of electro-magnetism to small 
arteries. The experiments of tlie Webers were performed 
ou the small mesenteric arteries of frogs ; ax^i the most 
striking results were obtained when the diameter of the 
vessels examined did not exceed from | to ^ of a Paris 
line. When a vessel of this size expoi^d to the elec- 
tric current, its diameter in from five to ten seconds, became 
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one-tliird less, and the area of its section about one-half. 
On continuing the stimulus,* the narrowing gradually in- 
creased, until the calibre, of the tube became from three to 
six times smaller than it was at first, so that only a single 
row of blood-corpuscles could pass along it at once ; and 
eventually the vessel was closed and the current of blood 
arrested. 

With regard to the purpose served hj the muscular coat of 
the arteries, there appears no sufiicient reason for supposing 
that it^ assists, to more than a very small degree, , in pro- 
pelljipg the onward current of blood. Its most important 
office is that of regulating the quantity of blood to be 
received by each part, and of adjusting it to the require- 
ments of each, according to various circumstances, but 
chiefly and most natftrally, according to the activity with 
which the functions of each part are at different times per- 
formed. The amount of work done by each organ of the 
body varies at diflferent times, and the variations often 
quickly succeed each other, so that, as* in the brain for 
example, during sleep and wakkig, wdthin the same hour 
a part may be now very active and then inactive. In all 
its active exercdse of function, such a part requires a larger 
supply of blood than is sufficient for it during the times 
when it is comi)aratively inactive. It is evident that the 
heart cannot regulate the sux)ply to each part at different 
periods, neither could this be regulated by any general 
and uniform contraction of the arteries ; but it may be 
regulated by the power wffiich the, arteries of each part 
have, in their muscular tissue, of contracting so as to 
diminish, and of passively dilating or yielding so as to 
permit an increase of, the supply of blood, according as 
the r^uirements of the part may demand. And thus, 
while the ventricles of the heart determine tfce total 
quantity of blood, to be sent onwards at bach contraction, 
and the force of its yx^|^ion, and whi|e tilie large and 
merely elastic arteries distribute it and equalise its stream, 
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the smaller arteries with muscular tissue add to these two 
purposes, that of regulating and determining, according to 
its requirements, the proportion of the whole quantity of 
blood which shall be distributed to each part. 

It must be remembered, however, tliat this regulating 
function of the arteries is itself governed and directed by 
the nervous system. 

The muscular tissue of arteries is supplied with nery^s 
chiefly, if not entirely, ^by branches from tho sympathetic 
system. These so-called vaso-motor nerves are again con- 
nected, through the medium of ganglia, with the fibres 
from the sympathetic system supplied to the organs 
nourislicd by these same arteries. Thus, any condition in 
these organs which causes them to need a different amount 
of blood, whether more or less, produces a certain im- 
pression, on their nerves, and by these the impression is 
caiTied to the ganglia, and thence reflected %along the 
nesrves which supply the arteries, *Theimuwular element of 
the^ vessels responds in obedience to the impression con- 
veyed* to it by the nerves ;«,and, aetjording to its contraction 
or dilatation, is a larger or smaller quantity of blood 
allowed to pass. 

Another function of the muscular element of the middle 
coat of asirteries is, doubtless, to co-operate with tlie elastic 
in adapting the calibre of th^ vessels to the quantity of 
blood they obntain. For the amount of fluid in tho 
blood-^^sieiw# varies veiy considerably even firom hour to 
liour, and can never be quite constant , jond were the elastic 
tissue only present, the pressure exercised by the walls of 
•the containing vessels on the contained blood would be 
sometimes very small, and sometimes inordinately great. 
The presence of a musoular element, provides 

for a certain uniformity in the amount of pressui:e exer- 
cised ; and it is by this adaptive, unifimm, gsutle, muscular, 
c^traetion, that Au tone of tlie bk^rvesimls is maintained. 
BSficiency of this tom is the caiw of the soft and yield- 
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.iiig^ pulse, and its unnatural excess of the hard and tense 
one. • 

The elastio and muscular contraction of an artery may 
also he regarded as fulfilling a natural purpose when, the 
artery being cut, it first limits and then, in conjimction 
with the coagulated fibrin, arrests the escape of blood. It 
is only in consequence of such contraction and coagulation 
that we are free from danger through even very slight 
wounds ; for it is only when the artery is closed that the 
processes for the more permanent and secure prevention of 
Ideeding are established, 

Mr. Savory has shown that the natural state of all arte- 
ries, in regard at least to their length, is one of tension — 
that they are always more or less stretched, and pver ready 
to recoil by virtue of their elasticity, whenever the oppos- 
ing force is removed. The extent to which the divided 
extremities of arteries retract is a measure of this tension, 
not of their elasticity. 

From what has been said in the preceding pages, it 
appears that the office of the arteries in the circulatioii is, — 
1 st, the conversance and distribution of blood to the several 
parts of the body j 2 nd, the equalization of the current, and 
the conversion of the pulsatile jetting movement given to 
the blood by tlie ventricles, into an uniform flow ; 3 rd, the 
regulation of the supply of blood to each part, in accord- 
ance with its demands. * 


The Pulse. ■ - ' 

The jetting movement of the blood, w'hich, as just stated,* 
it is one of the offices of the arteries to change into an uni- 
form motion^ the cause of the pulse, and therefore needs 
a separate consideration. We have already said, ti^t as the 
blood is not able to pa^. through the arteries so quickly as 
it is foi'ced into them ventricle, ya account of the 

resistance it experiences ;?^' the capiUaries, a part of the 
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fotce with which the heart impels the blood is exercised, 
upon the 'walls of the vessels which it distends. The 
distension of eacli artery increases both^ its length and its 
diameter. In tlieir elongation, the arteries chhnge their 
form, the straight oiTe^s becoming curved, or having such a 
tendency, and those already curved becoming more so;* 
but they recover their previous form as w^ell as their dia- 
meter when the ventricular contraction ceases, and tlieir 
elastic walls recoil, llie increase of their calves which 
accompanies the distension of arteries, and the succeeding 
recoil, may be w^ell seen in the prominent temporal artery 
of an old person. The elongation of the artery is in such 
a case quite manifest. 

The dilatation or increase of the diameter of the artery 
is less evident. In several reptiles, it may be seen without 
aid, in the immediate vicinity of the heart, and it may be 
watched, with a sim^ile magnifying glass, in tho aorta of 
the tadpole. Its slight amount in the^smaller arteries, the 
difficulty of observing it in opaque parts, and the rapidity 
w’ith which it takes placa, are sufficient to account for its 
being, in Mammalia, imperceptible to the eye. But in 
these also experiment has proved its occurrence.' Flourens, 
in evidence of such dilatation, says he encircled a large 
artciy with a thin elastic metallic ring cleft at one point, 
land that at the moment of pulsation the deft part became 
^Xwceptibly widened. v ^ 

ThiA dilatation of an artery, and the elongation producing 
curvature, or increasing the natural curves, are sensible to 
the ffiigcr placed over the v^sd, and produce the pulse. 
•The mind cannct distinguish tiie sensation produced by 
the dilatation firo'm that produced by the elongation and 

* There is, perhaps^ an exception to this in the case of the aorta, of 
which the mu \'t is by some 8ni>posed to be diminished when' it is elon- 
gated ; bA if this be so, it is because one end 6f the arCh is im- 
moveable ; the othigr end, with tho hoatt, anay move fonv'atd slightly 
when the Ventricles contract. 
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.curving; that which it perceive most plainly, however, is 
the dilatation.* • 

The pulse — due to any given beat of the heart — ^is not 
pereeptibK at the same moment, in all the arteries of the 
body. Thus it oan be felt in the carotid a very short time 
before it is perceptible in the radial artery, and in this 
vessel again before the dorsal artery of the foot. The 
delay in the beat is in gropo:^oa to, the distance of the 
artery from the heart, but ^e difference in time between 


* For tliis fact, which is .contrary tm the commonly accepted doctrine, 

J am ijidehted to my friend, Dr. Hensley, who has kindly liiniishcil me 
with the following note on the subject : — 

By determining the conditions of equilibrium of a y>ortion of artery 
supposed cylindrical and filled with blood at a given pa'e^jsuro, it Ls easily 
shown that the transvtu’se tension is double the longitudinal. 

Also it may be shown experimentally tliat, if 8trii« of equal breadth, 
(!ut in tlm two diroctionsJVorn one of the larger arteries, be stretched by 
e(jual weights, the stretching of the transverse slij) is somewhat grealw 
than that of the longitudinal cue. 

{By iht word siteiching u U he. imdcrMood amount of strettkhig^ and 
not imreast of length : — U may be mcamred by (he ratio which (he 
increase of length bears to the original length Thus things 'u:liose 
natural lengths are 5 and 10 vwJies are etiually stretched when their 
(rngthsare made 6 and 12 inches respectively.) 

Such experiments also show that, within certain limits, the stretching 
(d‘ each strip varies diroctly as its tension. 

Hence it wdll be seen tliat the transverse stretoliingof an artery, wbgn 
Jilled with blood, must be somewhat more than double its longitudinal 
suretehing. 

This being true for different blood pressures, die difference between 
the stretchings fdr different }>re.ssures must be somew^hat more 

than double the difference betw’-een the con’csponding l&ngitudinat * 
stretchings ; and thds we can hardly be justified in saying that the 
increase of longitudinal stretching which takes place with the poise is 
greater than the increase of transverse stretching.^ 

It must also be rememl»ered that the arteries are, under all clwum- 
stoiices, naturally in a state tension longitudinally, and that their 
length, therefore, canrmt at all until'the blood pressure is 

increased beyond a certain point V 
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}the beat of aay two arteries never exceeds probably J to J 
*of a second. • 

A great deal of light has been thrown on what may 
be called the form of the pulse by the sphygmogfaph (figs. 
42 and 43). The principle on which the sphygmograpli 
acts is very simple (see fig. 42). The small button re- 
places the finger in the ordinary act of taking pulse, 
and is made to rest lightly on the artery, the pulsations of 
which it is desired *to investigate. The up-and-down, 
^novement of the button is communicated to the lever, to 
the hinder end of which is attached a slight spring, , which 
allows the lever to move up, at the same ^ime that it is 


42.* 




just strong enoug^h to resist its making a^y sudden jerk, 
and in the interv^ of the beats also to assist in bringing it 

42. of tho mod© of of the Sphygmograpli. 

Fig. 43 The Sphygmogmph applied to the arw. 
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back to its original position. • For ordinary purposes, the 
instrument is bound on the ^wldst (fig. 43). 

It is evident that the beating of the pulse i^ith the 
reaction of the spring will cause an up-and-down move- 
ment of the lever, and if the extremity of the latter be 
inked, it will write the efieot on the card, which is made 
to mqye by clockwork in the direction of the aiTOw. Thus 
a tracing of the pulse is obtained, and in this way much 
more delicate eO'ects can be seen, than can be felt on the 
application of the finger. , . 

Fig 44 represents a healthy pulse-tracing of the radial 
artery, but somewhat deficients in tone. On examination, 
we see that the up-stroke which represents the beat of the 
pulse is a nearly vertical line, while the down-stroke is 

Fig, 44.* 



very slanting, and interrupted by a slight re-ascent. The 

I more vigorous the pulse, if it be healthy, the less is this* 
re-ascent, and vice vered. Pig. 45 represents the tracing 


♦ Fig. 44. Pulse-tracing of radial artery, somewhat deficient in tone, 
t Fig. 45, Firm and long pnlse of vigorous health, 
t Fig. 4^. Pulse-tracing efw^^ artery, with, double apex. 

* The above tracings are Dr. San.del‘eon’a work ** On the 

Sphygmograph." 

• . * L 2 
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ot a healthy pulse in which the tone of the vessel is bettor 
than in the last instance, and the dowh^stroke is therefore 
less interrupted. 

Sometimes the up-stroke has a dou ble a pex, as in fig- 
46. This will be explained hereafter. 

Before proceeding to consider the formation of the pulse, 
as shown by these tracings, it is necessary to consider what 
are the elements combined to produce it. . 

The heart at regtHar intervals discharges a certain 
quantify of blood into the arteries and their br^^nches, 
already fiUed, though not distended to the utmost, with 
fluid. This fresh quantity of blood obtains entrance by 
the yielding of the artery’s elastic walls, and, on - the 
cessation of the propelling force, and when these walls 
recoil, the blood is prevented froha. returning into the 
ventricle whence it is issued, by the shutting of the semi- 
lunar valves in the manner before described 17). The 
pressure, therefore, which is exercise on tliw^lood by the 
contracting arterial walls, will cause it to travel in a direc- 
tion away from, the heart, or, in other words, towards the 
capillaries and veins. 

It was formerly supposed that the pulse was caused not 
by the direci action of the ventricle, but by thejjropaga- 
tion of a wave in consequence of the elastic re^il of the 
large arteries, after their distension; and sueoessive acts of 

S tation and recoil, extending along fVe arteries in the 
ction of the circulation, were supposed to account for 
later s^pearanoe of the pulse in the vessels most 
distant from the heart. The fact, however, that the pulse 
is perceptible in eveiy part of the arterial system previous 
to the occi^enoe of the second sound of the heart, that is, 
previous to the closure ef the aortic valves, is a fatal 
objection to thia^heory. For, if the pulse were the effect 
of a wave propa|;ated hy the altjsmate dilatation and con- 
traction of sucjceAive portions of arterial tube, it ought, 
in all tlie arteries except those nearest to the heart, to 
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Ubllow or coincide with, but could never precede, the second 
! sound of the heairt ; for the fii-st effect of the elastic recoil 
of the arteries first dilated is the closure of the aortic 
valves ; aud their closure produces the second sound. 

The theory which seems to reconcile all the facts of the 
case, and especially those two which appear most opposed, 
namely, that the pulse always precedes the second sound 
of the heart, and yet is later in the arteries far from the 
heart than in those near it, may be thus stated : — It sup- 
poses that the blood which is impelled onwards by the left 
ventricle does not so impart its pressure to that which the 
arteries already contain, as to dilate the whole arterial 
s}'st6m at once ; but that- it enters the arteries, it displaces 
and propels that which they before contained, and flows on 
With what may be CiAled a head-wav e, like 4that which is 
ronned when a rapid stream of water overtakes another 
Amoving more slowly. The slower stream offers resistance 
to the more rapid one, tiU their velocities* are equalized : 
and, because of such resistance, some of the force of the 
more rapid stream of blood just expelled from the ventricle, 
is diverted laterally, and with the rising of lUie wave the 
arteries nefirest the heart are dilated and elongated. They 
do not at once recoil, but continue to be distended so long 
as blood is entei'ing them from the ventricle. The wave 
at the head of the more rapid stream of blood nms on, 
propelled and olaintaiaed in its velocity by the continuous 
contraction of the ventricle : and it thus dilates iji succes- 
sion every portion of the arterial system, and produces the 
pulse in all. AtTength, the whole arterial system (where- 
in a pulse can be felt) is dilated ,* and at this time, when* 
the wave we have supposed has readied all the smaller 
arteries, the* entire system may be said to be simulta- 
neously dilated ; then it begins to contract, and^ the con- 
tractions of its several parts ensue in the same succession 
as the dUatations, coni^es^g at the he^. The contrac- 
tion of the first portion produces the doeure of the valves 
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and the second sound of the heart ; and both it and Die 
progressive contractions of all the more distant parts main- 
tain, as already said, that pressure on the blood during 
the inaction of the ventricle, by which the stream of Die 
arterial blood is sustained between the jets, and is finally 
equalized by the time it reaches the capillaries. 

It may seem an objection to this theor}'', that it would 
probably require a larger quantitj’^ of blood to <lilate all 
the arteries than can b^ discharged by the ventricle atca<*h 
contraction. But the quantity necessary for such a pur- 
pose is less than might be supposed. Injexjtions of ^ the 
arteries prove that, including all down to those of about 
oue-eighth of a .line in diameter, they do not contain on 
an average more than one and a half pints of fluid, even 
when distended. There can be no doubt, therefore, that 
|the three or four ounces which the ventricle is supposed 
to discharge at each contracDon, being added to that 
jwhich already fills the arteries, would be sufiicient to 
distend them all. 

A distinction must be caijefully made between the passage 
/of the wave along the arteries, and the velocity of the stream 
(p. 155) of blood. Both wave and current are present; but 
the rates at which they travel are very different, that of the 
|W'ave being twenty or thirty times as great as that of the 
i current, 

Itetuming now to the consideration of th^ x>ulse- tracings 
(p. 147), it may be remarked thgt, in each, the Jiprstroke 
correspondu with Jbe j)eriQd during which iha ventricle is 
contracting ; the down-stroke, with the interval boti;*reen 
^ its jconDractions, or in other words with the, recoil, after 
idistenDon, of the elastic arteries^ In the large arteries, 
wh^n at least there is much loss of tone, the np-stroke is 
the almost instantaneous propagation of the force 
of contraction of the left ventricle along the cblmnn of 
blood in the arteries, or the perSjission-impulse, as it 
is termed by Dr. Sanderson, being sufilciently strong to 
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jerk up the lever for an instant, while the wave of blood, 
rather more slowly propagated from the ventricle, catches 
it, so to speak, as it begins to fall, and again slightly 
raises it. 

In the radial artery tracings, on the other hand, we see 
that the up-stroke is single. In this case the percussion- 
impulse is not suihciently strong to jerk up the lever and 
X)roduce an effect distinct from that of the systolic wave 
which immediately follows it, and which continues and 
'completes the distention. In cases of feeble arterial 
tension, however, the j)ercu88ion-impul8e may .be traced 
by tlie sphygmograph, not only in the carotid i)ulse, but 
to a less extent in the radial also (fig. 46). . 

In looking now at the down-stroke (fig. 44) in the 
tracings, we see that in the case of an art<yy witli defi- 
cient toiWf it jus interrupted by a well-marked notch, or, in 
other words, that the descent is interrupted by a slight 
uprising. There ar% indications also of slighter irregu- 
larities or vibrations during the fall of the lever ; while 
these are alone to be seen in tj^^e pulse of health, or, in 
other words, when the walls of the artery are of good 
tone (fig. 45). In some oases of disease the re-ascent is 
^ so considerable as to be {)erceptible to the finger, and this 
i double beat has received the technical name of ** dic rQtpus ” 
Ipiilse. As a diseased condition this has long been recog- 
nized, but it is only since the invention of the sphygmo- 
grapU that it has been found to belong in a certain degree 
to the normal pulse also. ^ 

Various theories have been framed to account for the 
dicrotism of the pulse. By some, it is supposed to due . 
to tlie aortic valves, the sudden closure of which stops the 
incipient regurgitation of blood into the ventricle, and 
causes a momentary rebound throughout the arterial 
system; white Dr. Sanderson considers it to be caused hy 
a kind of rebound periphery •rather than from 

the central part of the cird^ating appazattm. 
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Force of the Blood in the Arteries. 

• 

The force with which the ventricles act in their con- 
traction, and the reasons for believing it sufficient for. the 
circulation of the blood, hare been already mentioned. 
Both calculation and experiment have proved, that very 
little of this force is consumed in the arteries. I>r, Thomas 
i /j/. 47. Young calculated that the of 

force in overcoming friction and other 
hindrances in the arteries woidd be so 
slight, that if one tube were introcluced 
into thu aorta, and anotlier into any 
other artery, even' into one as fine as 
hair, the blood would rise in the tub© 
from ' the small •vessel to within two 
inches of the heiglil to which it w'ould 
rise from large vessel. The cor- 
rectness of the calculation is esta- 
blished by the experiments of Poi- 
seuille, who invented an instrument 
named a hromadynampmeter, for es- 
timating the statical pressure exer- 
.eised by the blood upon the walls of 
the arteries. It consists of a long 
glass tube, bent so as to have k short 
horizontal portion (fig. 47)9 a branch 
(2) deseen(|jpg at right angles from itr* 
and a long ascending branch (3). 
Mercury poured into the ascending 
•and descending portions, will necessarily have tlie same 
level in both branches, and in a vertical posHion the 
height of lbs column must he the same in both. If, now, 
the blood Js to Sow from an art^, through the 

horizontal portion of the tube (which shpial^ contain a 
carlj^iiate of potash ta prevent coagulation) 
tlie descending branch, it v^ill exert <m the mercury a 
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pressure equal to the force by which it is moved in the 
arteries; and the mercury will, in consequence, descend in 
this branch, and ascend in the other. The dcptli to which 
it sinks in the one branch, added to the height to which it 
rises in the other, will give the whole height of the column 
of mercury which balances the pressure exerted by the 
blood ; the w’eight of the blood, which takes the j)lace of 
the m^ury in the descending branch, and which is more 
than ten times less than the same quantity of quicksilver, 
being subtracted. I\)iseulle thus calculated ^he force 
with.,which the blood moves in an artery, according to the 
laws of hj^lrostatics, from the ♦diameter of the artery, and 
the height of the column of quicksilver that is to say, 
fr^in the weight of a column of mercury, whose base is a 
circle of the same dmiheter as the artery, and* whose height 
is equal to the difference in the levels of the mercury in 
the two branches of the ihsti’ument. lie found the blood’s 
pressure equal in all the arteries examined ; difference in 
size, and distance from the heart being unattended by any 
corresponding difference of force* in the circulation. The 
height of the column of mercury displaced by the blood 
w as the same in all the arteries of the same animal. The 
correctness of these views having been questioned, Poi- 
seuiUe has recently repeated his observations, and obtained 
the same results. 

From the mean result of several observations on horses 
and dogs, he calculated ^j^that the force with which the 
llJToda is moved in any large artery, is capable support- 
ling a column of mercury six inches, and one and half 
Uines in height, or a oolumn of water seven feet one line in* 
height. . With these results, the more recent observations 
of other experimenters closely accord. Poiseuille’s experi- 
ments having thus shown to him thali^the forcje of the 
blood’s motion' is the same in the most different arteries, 
he Oencluded that, to tmeasure amoti|^ of the blood’s 
pressure in any artery of w^hidx the calibre is known, i.t is 



THE CIRCULATIOX. 


, ^54 

necessary merely to multiply the area of a transverse sec- 
tion of a vessel by the height* of the column of mercury 
which is already known to be supported by the force of 
the blood in any part of the arterial system. The weight 
of a column of mercury of the dimensions thus found, will 
represent the pressure exerted by the column of blood. 
And assuming that the mean of the greatest and least 
height of the column of mercury found, by experiijaents 
on different animals, to be supported by the force of tlie 
blood in them, is equivalent to the height of the column 
w hich the force of the blood in the human aorta w^quld 
support, he calculated that about 4 lbs. 4 oz. avoirdupois 
would indicate the static force with w^hich the blood is 
impelled into the human aorta. By the same calculation, 
he estimated the force of the circulatidh in the aorta of the 
mare to be about 1 1 lbs. 9 oz. avoirdupois ; and that in the 
radial artery at the human wrist only 4 drs. We have 
already seen that the muscular force of the right ventricle 
]is equal to only one half that of the left, consecjuenily, if 
Poiseuille’s estimate of thet latter be correct, the force with 
which the blood is propelled into the lungs w'ill only be 
equal to 2 lbs. 2 oz. avoirdupois. 

The amounts above stated indicate the pressure exerted 
by 1^0 blood at the several parts of the arterial system at 
the* time of the ventricular contraction. Daring the dila- 
tation, this pressure is somewhat diminished. Hales 
observed, that the column of blood in the tube inserted 

- :i 

idto an artery, falls an inch, or- rather more, after each 
pulse; Ludwig has ohseiyed the same, • and recorded it 
, more minutely. The premure is also influenced by tlie 
Tarious circmnstances which affect the action of the heart ; 
the duninntion or increase of the pressure being pro- 
portioned to the weakto at stronger action of this organ. 
Valentin observed, thdt, on increaaing the amount of 
Tdood bj|f the injiecUon of a ftesh'^naaffty into it, the 
preomre mi the vessels was also increased, while a 
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contrary effect ensued on dimkiishing the quantity of 
blood. , 

Velocity of the Bhod in the Arteries, 

Tlie velocity of the stream of blood is g reat er in the 
arteries than in any other part of the circulatory system, 
and in them it is greatest in the neighbourhood of tlic 
1 lieart, and during the ventricular systole ; the rate of 
movemeiit diminishing during the diastole of the ven- 
tricles, and in the parts of the arterial system most distant 
from the heart. From Volkmann’s experiments v;ith the 
liiomodromometor, it may be concluded tliat the blood 
moves in the large arteries near the heart at the rate of 
about ten or twelve inches per second. Viefordt calculated 
the rapidity of the stream at about the same rate in the 
arteries near the heart, and at two and a quarter inches 
per second in the arteries of the foot. 

' THE CAPILLAllIES. 

In all organic textures, except spme parts of the corpora 
cavernojsa of the penis, aud of the uterine placenta, and of 
the spleen, the transmission of the blood from the minute 
branches of the arteries to the minute veins is effected 
through a network of microscopic vessels, in the meshes 
of which the proper substance of the tissue lies (fig. 48). 
This may be seen in all minutely injected preparations ; 
and aid of the microscope, in any trans- 

parent vascular parts, — such as the web of the frog’s foot, 
the tail or external branchiea of the tadpole, or the wing 
of the bat. 

The ramifications of the minute arteries form repeated 
anastomoses with each other and give off the capillaries 
;which, by their anastomoses, compose a continuous and 
!uniform network, from which the venous radicles, on the 
.otlier hand, take their Hse, Thp reticulated vessels con- 
necting the arteries and veins arc called, capillary, on 
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ac(;oiuit of their minute size ; and intermediate vessels, on 
account of their position. The point at which the arteries 

terminate and the minute veins 
commence, cannot he exactly de- 
fined, for the transition is gradual ; 
hut the intermediate network has, 
nevertheless, this peculiarity, that 
the small vessels which compose 
it maintain the same diameter 
throughput; they do not diminish 
in diameter in one direction^ like 
arteries and veins ; and tlie 
meshes of the network that they 
compose are more uniform in 
shaj^e and^ize than .those formed 
by the anastomoses of the minute 
arteries and veins. 

The structure of the capillaries 
is much more simple than tliat of 
• the arteries or vtuns. Their walls 
lave composed of a siugle layer of elongated or radiate, 

1 flattened and ' nucleated cells, so joined and dovetailed 
'together as to form a continuous transparent mpmhrane 
(fig, 49). Outside these cells, in the larger capillaries, 
there is a sh^uctureless, or very finely fibrillated tnemhrane, 
on the inner surface of which they are laid down. 

The diameter of the capillary vessels varies sf)mewhat in 
the different textures of the body, the most common size 
being about of an inch. Among the siilallest may 

4be mentioned tliose of tlie limn, and of the follicles 
of the mucous membrane <rf the in testines ; among the 



Fij2 48. ‘ Klood-vosnels of an intet»t(^al villua, representing the 
arrani^^ment of <*a|^Uaries between the ukimate venouS and arterial 
braiiches ; rt, a, the arteries ; the rein. 
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: largest, those of the skin, and especially those of the 
’ medulla of hones. • 

The form of the capillary network presents consider ahle 
variety in the different tesctures of the body : the varieties 

Fiy. 49 .* 



consisting principally of modifications of *two chief kinds 
hf mesh, the rounded and the elongated. That kind in 
which the meshes or interspaces have a roundish form is 
the most common, and prevails in those parts in which the 
capillary network is most dense, such as the lungs (fig. 50), 
— ^ 

* Fig, 49. Magnified view of capillary vessels from the bladder of 
the cat.— A, V, aii artery and a vein; i, transitional vessel between 
them and c c, the capillaries. The muwular coat of the bwger vessels 
is left out in the figure to allow the epithelium to be seen : at e/, a 
radiate epithelium scale with four ^inted processes, ninning out upon 
the four adjoining ca^ll&ties (alt^ ChrsonssbZGWesk>', Virch. Arch., 
1866). 
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ihost glands, and mucous membtanes, and tbe cutis. Tim 
meshes of this kind of network are not quite circular, 
but more or less angular, sometimes presenting a nearly 
regular quadrangular or polygonal form, but being more 
frequently irregular. The capillary network with elon- 
gated meshes (fig. . 51 ) is observed in parts in which the 



vessels are arranged among bundles of fine tubes or fibres, 
as in muscles and ^rves. In such parts, the meshes 
usually have the form of a parallelogram, the short sides oi* 
which may be from three to eight or ten times less than th(^ 
long ones ; the long sides always corresponding to the axis 
of the fibre or tul>e, by which it is placed. The appearauc^e 
of both the rounded aad elongated meshes is much varied 
. according as the vessels composing them have a straight 
or tortuous form. Sometimes the capillanes have a looped 


^ Fig. 50, KetwortekOf capillaxy vessels of the air-csells of the horse's 
lutig, umgnihed. a, 0, capillaries proceeding from 6 ^ teimiaal 
^i^chea of the puhnopary artery (after Freyh, 

^ 5*’ lajested oflpiWary rcs^iels df muscle, seen with a low 

magnifying p<nver (SlwriKiv), 

<' ' • 
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arrangement, a single capillary projecting from tlie com- 
mon network into some prominent organ, and returning 
after forming one or more loops, as in the papillae of the 
tongue and skin. Whatever be the form of the capillary 
network in any tissue or organ, it is, as a rule, found to 
prevail in the corresponding parts of aU animals. 

The number of the capillaries and the size of the meshes 
I in different parts determine in general the degree of 
I vascularity of those parts. The parts in which the net- 
work of capillaries is closest, that is, in which the meshes 
or interspaces are the smallest, are the lungs and the 
choroid membrane of the eye.^ In the iris and ciliary body 
the interspaces are somewhat wider, yet very small. In the 
human liver, the interspaces are of the same size, or even 
smaller than the capillary vessels themselves.^ In the human 
lung they are smaller than the vessels; in the human 
kidney, and in the kidney of the dog, the diameter of the 
injected capillaries,® compared with that of the interspaces, 
is in the proportion of one to four, or of one to three. 
The brain receives a very large quantity of blood; but 
the capillaries in which the blood is distributed through 
its substance are very niinute, and less numerous than in 
some other parts. Their diameter, according to E. H. 
Weber, compared with the long djiameter of the meshes, 
being in the proportion of one to eight or ten ; compared 
with the transverse diameter, in the proportion of one to 
four or six. In tlie mucous membranes — ^for example, in 
the conjunctiva — and in the cutis vera, the capillary vessels 
are much larger than in the brain, and the interspaces 
narrower,— namely, not more than three or four time§ 
wider than the vessels. In the periosteum the meshes are 
much larger. In the cellular coat of arteries, the width 
of the meshes is ten times that of the ''i^essels (Henle). 

0 « • It may be held as a general rule, that the more active 
functipns of an pr^an aip^the more vascular it is ; that 
as, the closer is its capillary network dhd the larger its 
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* supply*of blood. Honce, the nairrowness of the interspaces 
in all glandular organs, in mucous membranes, and in 
growing parts ; their much greater width iu bones, liga- 
ments, and other very tough and comparatively inactive 
tissues ; add the complete absence of vessels in cartilage, 
the dense tendons of adults, and such parts as those in 
'which, probably, very little organic change occurs after 
they are once formed- But the general rule must be 
inodified by the considenition, that some organs, such as 
the brain, though they have small and not very closely 
jOTanged capillaries, may receive large supplies of blood 
by reason of its more rapid movement. When an organ 
has large arterial trunks and a comparatively small supply 
of capillaries, the movement of the blood through it will 
be 80 quick, that it may, in a givei\ time, receive as much 
fresh blood as a more vascular part with smaller trunks, 
though at any given instant the less vascular part will have 
in it a smaller quantity of blood. ^ 

In the Circulation in the Capillaries^ as seen in any trans- 

piirent part of a living adult 
animal by means of the mi- 
croscope (fig. 52), flie blood 
flows with a constant equable 
motion. In very young ani- 
mals, the motion, though 
continuous, is accelerated at 
intervals corresponding to 
the pulse in tlm, larger ar- 
teries, and a siifdilar mo- 
tion of the blood fe also 
in the d&pillaries of adult animals when they 
are feeble: if their exhaustioii is so great t^jat the 
power of the heaii is still more diminished, the pd cor- 
X>U6ciles are observed;' to have merely the periodic motion, 

52. CapifWks in the weh of the frog"* foot ii&ignided. 
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and to remain stationary in the intervals.; -wliile^ if the 
debility of the animal is extreme, they even recede some- 
what after each impulse, apparently because of the elasti- 
city of tlie capillaries, and the tissues around th^m. Tliese 
observations may be added to those already advanced 
(p. 132) to prove that., even in the state of great debility, 
the action of the heart is sufficient to impel the blood 
tlirough the capillary vessels. Moreover, Dr. ^larshall 
Hall having placed the pectoral fin of an eel in the field of 
the micTOscope and compressed it by the weight of a heavy 
prob^ observed that the movement of the blood in the 
(^apiUaries l)ecame obviously i>uisatory, the pulsations being 
synchronous with the contractions of the wentriele. The 
pulsatory motion of tlie blood in the capillaries cannot be 
attributed to an action in tliese vessels; for, when the 
animal is trancpiil, they present not the slightest change in 
their diameter. 

It is in the capillaries, tliat the cliief resistance is offered 
to the progress of tlie blood.; for in them tlie friction of 
the blood is greatly increased by# tlie enormous multipli- 
cation of the surface with which it is brought in contact. 
'I’he velodify of the blood is also in them reduced to its 
minimum, because of the widening of the stream. If, as 
Drofessor Muller says, the sectional area of all the branc?hos 
of a vessel united were always the same ’ as tliat of the 
A’cssel from wdiicli they arise, and if the aggregate sec- 
tional area of the capillary vessels were equal to that of 
tlie aorbi, the mean rapidity of the blood’s motion in the 
capillaries would be the same as in tlie aorta and largest 
nrtories ; and if a similar correspondence of capacity existed 
in the veins and arteries, there would* bo an equal cor- 
respondence in the rapidity of the circulation in them. It 
is quite true, that the forcie with whicli the blood is pro- 
pelled in the arteries, as shown by the quantity of blood 
which escapes from thfin in a certain *8^CM?e of time, is 
greater than that with which it moves in the reins; 
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but this for:ce has to overcome all {he resistance offered in 
the arterial and capillary system — the heart itself^ indeed, 
must overcome this resistance ; so that the excess of the 
force of the blood's motion in the arteries is expended in 
overcoming this resistance, and the rapidity of the circu- 
lation in the arteries, even from the conimenceTneiit of tlie 
aoi'ta, would-be the same as in the veins and capillaries, if 
the aggregate capacity of each of the tliree systems of 
vessels were the same. 

But since the aggregate sectional area of the branches is 
greater thun that of , the trunk from which they aris^, the 
rapidity of the blood’s motion will necessarily be greater 
in the trunk, and will diminish in proiwrtion as the 
aggregate capacity of the vessels increases during their 
ram ideation h in the same manner' as, other things being 
equal, the velocity of a stream diminishes as it widens. 

The observations of Hales, E. H. Weber, and Valentin, 
agree very closely as to the rate of i&e blood in the capil- 
laries of tiie frog : and the mean of their estimates gives 
the velocity of the systemic capillary circulation at al>out 
Qne inch per minute. Through the pulmonic capiUaries, 
the rate of motion, according to Hales, is about five times 
that through .the systemic ones. The velocity in the 
j capillaries of warm-blooded animals is greater, but has 
not yet been accurately estimated. If it be asbumed to be 
three times as great as in the frog, still the estimate may 
seem too low, and ,|neon8i8tent with the facts, which show 
that the who»le ^mK^ulatioii is aix^omplished in about a 
minute. But tho whole-length of capillbxy vessels, through 
which any given portion of blood has to pass, probably 
does not exceed of an inch,; and ^lerefore ihe |ime 
required for each qnantity of blood to traverse its own 
appointed portion of the general capillary iQrstom: will 
scarcely amount to a second ; while in the pulntonic capil- 
system tho^lehgth of time required will ' ^ much less 
even than tliis. 
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- The estimates girea above ore drawn from observations 
of the movements of the red hlood-corpuscles, which move 
in the centre of the stream. At the circumference of the 
stream, in contact with the walls of the vessel, aad adhering 
to them^ tliere is a layer of liquor sanguinis which appears 
to be motionless. The existence of this still layer, as it is 
termed, is inferred both from the geiferal fact that such an 
one exists in all fine tubes traversed by fluid, and from 
what can be seen in watching the movements of the blood- 
corpuscles. The red corpuscles occupy the middlq of the 
streayi and move with comparative rapidity ; the colourless 
lymph-corpuscles run much nvore slowly by the walls of 
the vessel ; while next to the wall there often a trans- 
parent space ill which the fluid appears to be at rest ; for 
if any of the corpuscle^ happen to be forced within it, they 
mov^ more slowly than before, rolling lazily along the side 
of the vessel, and often adhering to its wall. Part of tiiis 
slow movement of tlfo pale corpuscles and their occasional 
stoppage may be due, as E, H. Weber has suggested, to 
their having a natural tendency to adhere to the walls of 
the vessels. Sometimes; indeed, when the motion of the 
blood is not strong, many of the white corpuscles collect 
in a capillary vessel, and for a time entirely prevent the 
passage of the red corpuscles. But there is no doubt that 
such a still layer of liquor sanguinis exists next the walls 
of the vessels, and it is between this and the tissues around 
the vessels that those interchanges of j^rticles take place 
which ensue in nutp.tion, secretion, and absorption by the 
blood vessels; interchanges which are probably facilitated 
by the tranquillity of the fluids between which they are 
effeo^. 

Until within tke last few years it has been generally 
supposed that the occurrence of any transudation from the 
interior of the capillaries into the midst of the surrounding 
tissues was ibnfined, in the abftwice of injuiis^ strictly to the 
fluid part of the blood ; in other woras, that the corpuscles 
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could not escape from the circulating stream, unless the 
wall of the containing blood-vessel were ruptured. It is 
true that an English physiologist, Dr. Augustus Waller, 
affirmed in 1 846, that he had seen blood-corpuscles, both 
red and white, pass bodily tlirough the wall of the capillary 
vessel in wliieli they were contained; and that, as no ojieiiing 
could be seen before their escape, so none could be observed 
afterwards — so rapidly was the part healed. Ihit these ob- 
servations did not attract much notice until the phenomena 
of escape of the blood-corpuscles from the capillaries and 
minute veins, apart from mechanieal injury, was ;redis- 
covered by Professor Cohnlteim in 1 867. 

Professor Cohnheiin’s experiment demonstrating the pass- 
age of the corpuscles through the wall of the blood-vessel, 
is performed* in the following manndr. A frog is curarized, 
that is to say, paralysis is produced by injecting under the 
shin a minute quantity of the j)oi8on called curare; and 
the abdomen having been opened, a* portion of snlall in- 
testine is drawn out, and its transparent mesentery spread 
out under a mieroscopo.* After a variable time, o<x*ii]>iod 
by dilatation, following contraction, of the minute vessels, 
and accompanying quickening of the blood-stream, there 
ensues a retaj^dation of the current ; and bIood-corx>usel(is, 
both red and white, begin to make their way through tlio 
capillaries and small veins. The pro(tess of extrusion of 
the white corpuscles is thus described by Dr. Btirdon San- 
derson, and tho passage of the red corpuscle^ occurs after 
much the same fashion. 

Simultaneously with the retardation, the Ieucoo3deB, 
instead of loitering here and there at th#edge of the axial 
current, begin to crowd in numbers agains||; the vasctilar wall, 
as was bmg ago desciril>ed by Williams. Jn this way 
the vein bee oTues* lined with a continuous pavement of these 
bodies, whi(ih remain almost motionless, notwithstanding 
that the axial ^ctErrent sweeps by 'them as cdiltin^usty as 
before, though with abated velocity. Now ie the moment 
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at wliicli the eye must be fixed- on tlie outer contour of the 
vessel, from which (to quote Professor Cohiiheim’s words) 
liere and there minute, colourless, button-shaped elevations 
springs, just as if they were produced by budding out of the 
wall of tlie vessel itself. The Ibuds increase gradually and 
slowly in size, until each assumes the form of a hemispherical 
]»rojection, of width corresponding to that of a leucocyte, 
l^ivontually the hemisphere is converted into a pear-shaped 
body, the small end of which is still attached to the surface 
of tiie vein, while the round part projects freely. Gradu- 
ally ^he little mass of protoplasm removes itself further and 
further away, and, as it does so^* begins to shoot out delicate 
])roiigs of transparent protoplasm from its. surface, in no- 
wise difiering in tlieir aspect from the slender thread by 
which it is still mooifed to the vessel. Finally the thread 
is sevoi'od, and the process is complete. The observer has 
before him an emigrant leucocyte, which in all appreciable 
respects resembles those which have been already described 
in the aqueous humour of the inflamed cyo.^’ 

^’arious explanations of thesa remarkable phenomena 
have been suggested. Probably the nearest to the truth 
at:e those which attribute the chief share in the process to 
the vital endowments with respect to mobility and contrac- 
tility of the parts concerned — both of the corpuscles 
(liastiaii) and tlie capillary wall (Strieker).* Dr. Sanderson 
remarks, ** tlie capillary is not a dead conduit, but a tube of 
living protoplasm. There is no difficulty in understanding 
how tlie membrane inay open to allow the escape of leuco- 
cytes, and close again after they have passed out ; for it is 
one of the most sturiking pecuKarities of contractile substance • 
that when two parts of the same mass are separated, and 
againM)rought into couUct, they melt together as if they 
had not been severed.” * 

Hitherto, the escape of the corpuscles from the interior 
of tlie bloo4*Tessels intfl tlie ^(prrounding tissues has been 
studied chiefly in connection with p^ithology, But it is im- 
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possible to say, at present, to what degree the discovery 
may not influence all present notions regarding the nutri- 
tion of the tissues, even in health. 

The circulation through the capillaries must, of necessity, 
be largely influenced by that which occurs in the vessels on 
either side of them — in tlie arteries or the veins ; their in- 
termediate position causing them to feel at once, so to speak, 
any alteration in tlie size or rate of the arterial or venous 
blood - stream. Thus, llie apparent contraction of the 
capillaries, on the application of certain irritating sub- 
stances, and during fear, and their dilatation in blusjiiiig, 
may be referred to the action of the small arteries, rather 
than to that of .the capillaries themselves. But largelj' as 
the ciapillariea are influenced by these, and by the con- 
ditions of the parts which surroukd . and 6U[)port them, 
their own endowments must not be disregarded. They 
must be looked upon, not as mere passive canals for 
the passage of blood, but as possessing endowments of 
their own, in relation to the circulation. Tlie capillary 
wall is, according to Strieker, actively Hying an<l con- 
tractile ; and there is no reason to doubt that, as such, it 
must have on important influence in connection with that 
nutritivbAHdxch^mge which goes on without ce.ssi|ti^iA be- 
tween the blood within and the tissues outside tlie (uii>illary 
ves^©! ; a process which, under the name of vital capillary 
force, has long been recognised as one of the means con- 
cerned in the carcul^tlou of the blood. 

The results of mo rbid ac tion, as well as tlie phenomena of 
health, strongly support the uotiou of tlm existence of 
• this so-calleiL. yiihd ^ capillary attraction l^tween the 
blood, and the tiMneiru Fmr example, .when the access 
of oxygen to the Jungs is pr^ented,’^'^the 
tlirough the ptdmdpic capiUaries iti ^iraduaUy the 

blOod-corpusclas cluster together, their is 

eventually almost* arrested, even the d^lon of the 

heart continues. In inflammationi also, the iM^pillaries of 
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an inflamed part are enlarged and distended with blood, 
\rliioh either moves very slowly or is completely at rest. In 
both these cases the phenomena are local, and independent 
of the action of the heart, and appear to result from some 
alteration in the blood, which increases the adhesion of its 
l)articles to one another, and to the walls of the capillaries, 
to an amount which the propdling action of the heart is 
not able to overcome. 

It may be concluded then, that the capillaries, which are 
formed of a simple cellular membrane, can of themselves 
exercise no such direct influence on the movement* of their 
couteuts as to be at all comparable in degree to that which 
is exercised by the arte];’l69 or veins; yet tjxat the constant 
interchange of relations between the blood within and the 
tissues outside these vessels does in some meeysure facilitate 
tlie movement of blood through the capillary system, and 
constitute one of the assistant forces of the circulj^ou. 

f 

THE VEINS. 

In structure the coats ef veins b^ar a general resemblance 
to those of arteries, 'Hius, they possess an outer, middle, 
and internal coat. The outer coat is con,strueted of areolar 
tmsue like that of the arteiies, b]ut is thicker. In some veins 
it contains muscular flbre-cells. 

l^ie midd’e coat is considerably thinner’ than that of tlie 
arterial although it contains circular uustriped mus- 
cular fibres or fibre-cells, these are mingled with a larger 
proportion of yellow elastic and white fibrous tissue. In 
the large veins near the heart, namely, the venis catce and 
pulmonary veins, the middle coat is replaced, for some, 
distance from the heart, by circularly anrongsid striped 
fibre8;'^ontiauou8 with those of the auricles. 

tfeins is kss brittle than ^ 
of artery, but in other respects resembles 
it closely. * I .. • N. 

The chief influence which the veins have in the circula- 
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tion, is effected with the lielp^of .the valv^s^ which are placed 
iu all veins subject to loca\^ pressure from the muscles 
between, or near which they run. The general construction 
of these valves is similar to that of the semilunar valves of 
the aorta and i>ulnionary artery, already described (x). I o 8 ) ; 
but their free margins are turned in the oi>x)08ite direction, 
i, i\ ton nrds the heart, so%s to stop any movement of blood 
backward in the veins. They are commonly placed in x^airs, 
at various distances in different veins, but almost uniformly 
in each (fig. 53). In the smaller veins, single valves are 
often met with; and three or four are sometimes placed 
together, or near one anoth<ir» io the largest veins, such as 
the fcubclavian, find at their junction with the jugular veins. 

The valves arc semi- 
k lunar; the unattached 
edge being in some 
examx^les concave, in 
others straight. They 
arc coinposed of inex- 
tensile fibrous tissue, 
and are covered wdth 
epithelium like that 
lining the veins. 
During the period of 
their inaction, when 
the venous blood is flowing in its proper direction, they 
lie by the sides of the veins; but when in action, they close 
togetlier like the valves ol tlie arteries, and offer a com- 
X)lete barrier to any backward movement of the blood 
.(figs. 54 and 55). 

Valves are not equally numerous in all veins, and in 



53. j^bowieg valves of veins. A. Part of a veiS laid 

i and ( iil with two pairs of valves. B. Longituduud section 
vein, showing the apjtosition of the ^ges of the valves iu their 
il state. C. Pijjiftion of a d&tended voin, exhibiting a swelling in 
tile situ^ou of a pail* of valvSs. 
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.many they are absent altogether. They are most numerous 
ill tlie veins of the extremities, and more so in those of tlie 
log than the arm. They are commonly absent in veins of 
less than a line in diameter, and, as a general rule, there 
are few or none in those which are not subject to muscular 
pressure. Among those veins which have no valves may be 
mentioned the superior and inflUrior vena cava, the trunk 
and branches of the portal vein, the hepatic and renal 
veins, and the pulmonary veins; those in the interior 
of the cranium and vertebral column, those of the bones, 
aud^tlie trunk and branches of the umbilical vein are also 
destitute of valves. » 

Tlie priu( ipal obstacle to the circulation is already over- 
come when the blood has traversed the capillaries; and the 
force of the heart whicli is not yet consumed, is sufficient 
to complete its passage through the veins, in which the 
obstructions to its movement are very sliglit. For the for- 
midable obstacle supposed to be presented by the gravita- 
tion of the blood, havS no real existence, since the pressui’c 
exercised by the column of bloqd in the arteries, will be 
always sufficient to support a column of venous blood of the 
same height as itself : the two columns mutually balancing 
each other. Indeed, so long ns both arteries and veins con- 
tain continuous columns of blood, the force of gravitation, 
whatever be the position of the bod}^ con’ have no power to 
move or resist the motion of any part of the blood in any 
direction. The lowest blood-vessels have, of course, to bear 
the greatest amount of pressure ; the pressure on each part 
being directly proportionate to the height of the column of 
blood above it ; hence their liability to distension. But 
this pressure bears equally on both arteries and veins, and 
cannbt either move, or resist the motion of, the fluid they 
contain, so long as the columns of fluid are of equal height 
in both, and continuous. Their condition may, in this respect, 
jbe compared with that/of a ^?uble bent tube, full of fluid, 
(hold vertically; whatever be the height and gravitation of 
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the* columns of flnid, neither of them can move of its own. 
weight, each being supported, by the other ; yet tlie least 
pressure on the top of either column will lift up the other : 
so, when the body is erect, the least pressure on the column 
of arterial blood may lift up the venous blood, and, were 
it not for the valves, the least pressure on the venous might 
lift up the arterial column. 

In experiments to determine what proportion of the force 
of the left ventricle remains to propel the blood in the veins, 
Valentin found that the pressure^of the blood in tlie jugular 
vein of a dog, as estimated by the hjemadyiiamometer,^ did 
not amount to more than tV of that in the carotid 

artery of tlie same animal ; and this estimate is confirmed, 
in the instances of several other arteries and their corre* 
spouding vein^ by Mogk. In the upjier part of tlie inferior 
vena cava, Valentin could scarcely detect the existence of 
any pressure, nearly the whole force received from the heart 
having been, apparently, consumed during the passage of 
the blood tlirough the capillaries. But slight .as this re- 
maining force might be (and the experiment in which it 
was estimated would* reduce the force of the heart below 
its natural standard), it would be enough to complete 
the circi4atioa the blood; for, as alieady stated, the 
spontaneous dilatation of the auricles and ventricles, though 
it may not be forcible enough to assist the movement of 
blood into them, is adapted to offer to that movement no 
obstacle. ^ 

Very efectual asfistanoe to the flow of blood^ih the veins j 
is afforded of th0 mu9cl$8 capable of pressing | 

jon such veins as have valves. 

The effect of mtteeular freuure on such veins may be thus 
explained. When pressure is applied to any part of a vein, 
and the current of blood in it is obstructed, the portion 
behind the seat of pressure becomes swollen and distended 
as jkr back as to the pair of values. Theses acting like 
the arterial valvls, and like them, inextensile bbth in 
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.themselves and at their margins of attachment, do not 
follow the vein in its distension, but are drawn out towards 
the axis of the cajial. Then, if the pressure continues on 
the vein, the compressed blood, tending to move ecpially in 
all directions, presses the valves down into contact at' their 
free edges, and they close the vein and prevent regurgita- 
tion of the blood. Thus, whatever force is exercised by 
the pressure of the muscles on the veins, is distributed partly 
in pressing tlie blood onwards in the proper course of tlie 
circulation, and partly in pressing it backwards and closing 
the, valves behind. 

The circulation might lose tas much as it gains by such 
' compression of the veins, if it were not for the numerous 
‘ anastomoses by which they communicate, one with another; 



for through these, the closing up of the venous channel by 
tlie )t)ackward px^uro is prevented from being any serious 


* Pig. 54 . Vein with valves open (Dalton).^ 
t Fig* 55- Vein with \tilves cl^d ; streura of, blood passing off by 
lateral diannel (DaUoii). 
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hindrance to the circulation, since the blood, of which the 
onward course is arrested by the closed valves, can at once 
pass tlirough some anastomosing channel, and proceed on its 
way by another vein (figs. 54 and 55). Thus, therefore, the 
effect of muscular pressure upon veins which have valves, is 
turned almost entirely to tlie advantage of the circulation ; 
the pressure of tlie blood onwards is all advantageous, and 
the pressure of the blood backwards is prevented irom being 
a hindrance by the closure of the valves and the anastomoses 
of the veins. 

Tiie eil‘e( t8 of such muscular pressure are well showq by 
llie acceleration of the stream of blood when, in venesec- 
tion, the musclea.of the fore-arm are put in action, and by 
the general acceleration of tho circulation during active 
exercise ; ands the numerous moveitfeuts whicli are con- 
tinually taking place in the body while awake, though 
their single elieets may be less striking, must be an im- 
portant auxiliary to the venous cireulation. Yet they 
are not essential ; for tlie venous circulation continues 
unimpaired in parts at rest, in paralysed limbs, and in 
jairts in which the veins are not subject to any muscular 
jiressure. 

Besides the aj^sLstanco tlius afforded by inusculax pressure 
to tbe movement of blood along veins possessed of valves, 
it has been discovered by Mr. Wharton Jones iSiat, in the 
w eb of the bat's wing, the veins are furnished wdth valves, 
and posse^ the remarkable property of rhythmical contrac- 
tion and a dilatation, whereby the current of blood .wdthin 
them is distinctly accelerated* The contraction pccnired, 
m an average, about ten times in a minute ; the existence 
of valves preventing regiu’gitation, the entire effect of the 
contractions was auxiliary to the onward current of blood. 
Analogous idienomena have been now frequently observed 
in other animals.. 
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Agents concerned in the ^Circulation of the Blood. 

The agents concerned in the circulation of tlie blood 
which have been now described, may be thus enume- 
rated : — 

I . The action of the heart and of the arteries. 

^ 2. The vital capillary force exercised in the capil- 

' laries. 

3. Tlie possible slight action of the muscular coat of 
veins ; and, much more, the contraction* of muscles capable 
of acting on veins provided wjth valves. 

It remains only to consider {4) the influence of the respi- 
ratory movements on the circulation. 

Although the continuaiu^e of the respiratory movements 
is essential to the circulation of the blood, and although 
their cessation is followed, within a very few minutes, by 
that of the heart’ Si action also, yet their direct mechanical 
influence on the movement of the current of blood is pro- 
bably, under ordinary circumstances, but slight. The elfect 
of expiration in increasing the pressure of the blood in the 
arteries is minutely illustrated by the experiments of Lududg. 
It acts as the pressure of contracting muscles does upon the 
veins, and is advantageous to the onward movement of 
arteritil blood, inasmuch as all movement backwards into the 
heart, which woxild otherwise occur at the same moment 
and from the same cause, is prevented by tlie force of the 
onward stream of blood from the contracting ventricle, and 
in tlie intervals of this contraction by the closure of the 
somiluuar valves. Under ordinary circumstances, and with 
I a free passage through the capillaries of the lungs, the 
i effect of expiration on tlie stream of blood in the veins is 
j also probably to assist, rather than retard its movement in 
the proper direction. For, with no obstruction in front, 
there is the force of tte bloQ^ streaming into the heart from 
behind, to prevent any tendency to a backward flow, even 



J74 


THE CIRCITLATION. 


apart from Yrhat may be effected by the presence of the 
valves of the venous system. 

11 It is true that in violent expiratoiy efforts there is a 
I certain retardation of the circulation in the veins. The 
effect of such retardation is shown in the swelling-up of 
the veins of the head and neck, and the lividity of the face, 
during coughing, straining, and similar violent expiratory 
efforts ; the effects shown in these instances being due both 
to some actual regurgitatfon of the blcK>d in the great veins, 
and to the accumulation of blood in nil the veins, from 
their being constantly more and more filled by the in^ux 
from the arteries. » 

But strong expiratory efforts, as in straining and the 
like, are not fairly comparable to ordinary expiration, inas* 
much as they .are instances of more or less interference 
with expiration, and involve probably circumstances lead- 
ing to obstruction of the circulation in the pulmonary 
capillaries, such as are not present in the ordinary rhyth- 
mical exit of air from the lungs. 

The act of insinration favourable to the venous circu-j 
hition, and its effect is not counterbalanced by its tendency! 
to draw the arterial, as vrell as the venous, blood towards 
the cavity of the chest. When the chest is enlarged in 
inspiration, the additional space within it is filled chiefly 
by the fresh quantity pf air which passes through the 
trachea and bronchial passages to the vesicular structure 
of the lungs. But tlie blood being, like the air, .spibject 
to tlie atmospheric pressure, some of it' also is at the same 
time pressed towards the expanding cavity of cheeit, 
»ud therein towards the heart. The effect of thid on the 
arterial current is hindered by the aortic vali^, while 
they are closed, and by the forcible outward stream of 
blood from the ventricles wton th^ are open ; while, on 
the other hand, there is nothing to jnevent an increased 
afflux of blood to the allies throo|(!^ Ute large r^ins. 

Sir David Barry ww the first who showed plaihiy this 
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effect of inspiration on tlie * venous circulation ; and lie 
mentions the following exx)$riment in proof of it. lie 
introduced one end of a bent glass tube into the jugular 
vein of an animal, the vein being tied above the point 
where the tube was inserted ; the inferior end of the tube 
was immersed in some coloured fluid. He then observed 
that at the time of each inspiration the fluid ascended in 
the tube, while during expiration it either remained sta- 
tionary, or even sank. Poiseuille confirmed the truth of 
this observation, in a more accurate manner, by means of 
his hmmadynamometer. And a like confirmation has been 
since furnished by Valentin, anjl in minute details by Ludwig. 

The effect of inspiration on the veins i^ observable only 
in the large ones near the thorax. Poiseuille could not 
detect it by means of* his instrument in veing more distant 
from the heart, — for example, in the veins of the extremi- 
ties. And its beneficial effect would be neutralized -were 
it not for the valves; for he found that, when he repeated 
Sir D, liaiTy’s experiments, and passed the tube so far 
along the veins that it went beyond the valves nearest to 
the heart, as much fluid was forced back into the tube iu 
every expiration as was drawn in through it in every 
inspiration. 

Dr. Biirdon Sanderson’s experiments have proved more 
directly that inspiration is favourable to the circulation, 
inasmuch as, during it, the tension of the arterial system 
is increased,, And it is only when the respiratory orifice 
is closed, as by plugging the trachea, that inspiratory 
eflbrts am, sufficient to produce an opposite effect — to 
diminiitk the tension in the arteries. 

» Oii the whole, therefore, the respiratory movements of 
the chest are advantageous to the circulation. 

• 

Velocity of Blood in the Yeine. 

. The velocity 6t the hlood iii greater ih ^ Terns than in 
ithe capillaries, but less than'tn the arteries; and with this 
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fact may be remembered the relative capacities of the. 
arterial aud venous systems;, for since the veins return to 
the heart all the blood that they receive from it in a g;ivcii 
time through the arteries, their larger size and propor- 
tionally greater number must compensate for the slower 
movement of the blood through them. If an accurate 
estimate of the proportionate areas of arteries and the veins 
corresponding to them could be made, we might, from the 
velocity of the arterial culrent, calculate that of the venous, 
, An usual estimate is, that the capacity of the veins is about 
1 twice or three times as great as that of the arteries, ^and 
jthat the velocity of the blocyl’s motion is, therefore, about 
jtwice or three tiines as great in the arteries as in the veins. 
Some doubt has, however, been lately expressed regarding 
the acKJuracy this calculation, and*tho matter, tlierefore, 
must be considered not yet settled. The rate at wliich the 
blood moves in the veins gradually increases the nearer it 
approaches the heart, for tiie sectional area of the venous 
trunks, compared with that of tlie branches opening into 
them, becomes gradually.less os the trunks advance to- 
wards the heart. 


Velociiif of the Circulation* 

Having now considered the share which each of the cir- 
culatory organs has in the propulsion and direction of the 
blood, we may speak of their combined eOects, especially 
in regard to the velocity with which the movement of tl»e 
blood through the whole round of the eirculatioh is accom- 
plished. As Miiller says, the rate of the bloocFe imotion in 

( the vessels must not be judged of by the ra|(idity with 
wluch it flows from a vessel when divu^. In the latter 
casq, the rate of motion is the result of the entire pressure 
.. to which the whole mass of bloc^ is subjected in the vas- 
cular system, and wiiieh at the ^iat of the incision in the 
vessel meets with no resistani^. IJji the closed vessels, on 
the contrary, no* portion of bldod can be moved ^rwards 
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except by impelling on the whole mass, and by overcoming 
the resistance arising from friptlon in the smaller vessels. 

Prom the rate at which the blood escapes from opened 
vessels we can only judge, in general, that its velocity is, as 

( already said, greater in arteries than in veins, and in botli 
these greater than in the capillaries. More satisfactory data 
for /the estimates are afforded by the results of experiments 
to ascertain the rapidity with which poisons introduced 
into the blood are transmitted from one part of the vascular 
system to another. Prom eighteen such experiments on 
horses, Hering deduced that the time required for the 
pass^e of a solution of ferrocyanide of potassium, mixed 
with the blood, from one jugular -vein (thrpugh the right 
.side of tlie heart, the pulmonary circulation, the left cavities 
of the heart, and tlie •general circulation) tq the jugular 
vein of tlie opposite side, varies from twenty to thirty 
seconds. The same substance was transmitted from the 
jugular vein to the gieat saphena in twenty seconds ; from 
tlie jugular vein to the masseteric artery, in between fifteen 
and thirty seconds ; to the facial ai;tery, in one experiment, 
in between ten and fifteen seconds; in another. experiment 
in between twenty and twenty-five seconds ; in its transit 
from the jugular,vein to the metatarsal artery, it occupied 
Itetween twenty and thirty seconds, and in one instance 
more than forty seconds. The result was nearly the same 
wliatever was the rate of the hearths action. 

Poiseuille’s observations accord completely with the 
above, and sliow, moreover, that when the feripcy^de 
is injected into the blood wifri other substances, such as 
acetate bj ammonia, or nitrate of potash (solutions of 
which, as other sgjcperiments have shown, pass quickly 
through eapillary tubes), the passage from one jugular 
.vein to the other is effected in from eighteen to twenty- 
four seconds; while, instead of these, alcohol is added, 
^the passage is not compjetedi^ilpitil from 6>rty to fbifty-five 
Iseconds afifer injection. Still greater rapi^ty of transit 
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hns been observed ’b^, Mr. J. Blake^ who found that 
nitrate of baryta injctdied i^to the jugular vein of a horse 
could be detected in blood drawn from the carotid artery 
of the opposite side in from fifteen to twenty seconds after 
the injection. In sixteen seconds a solution of nitrate of 
potash^ injected into the jugular vein of a horse, caused 
complete arrest of the heart’s action, by entering and 
ditfusing itself through the coronary arteries. In a dog, 
the poisonous effects df strychnia on the nervous s^^stem 
were manifested in twelve seconds after injection into the 
jugular vein ; in a fowl, in six and a half seconds, and in 
a rabbit in four and a hal£. seconds. 

In all these experiments, it is assumed that the sub- 
stance injected moves with the blood, and at the same rate 
as it, and d^es not move from one*part of the organs of 
circulation to another by diffusing itself tlirougli the blood 
or tissues more quickly than the blood moves. The 
assumption is sufficiently probable, to be considered neai'ly 
certain, that the times above mentioned, as occupied in 
the passage of tlie injerited substances, are those in which 
the portion of blood, into which each was injected, was 
carried from one part to another of the vascular system. 
It would, therefore, appear that a portion of blood can 

\a half a m inute; of course it would require longer to 
traverse the vessels of the most distant part of the ex- 
tremities than to go through those of the neck ; but taking 
an average length of vessels to be traversed^ and assuming, 
as we may, that the movement of blood in the human 
subject is not siqwer than in .the horse, it may be concluded 
I that on e minat e. which ili His estimate usually adopted 
I of the average time in which the bloo«^mpietas its entire 
^ circuit in man, is rather ak^ Htan below the actual rate. 

Another mode of estimafttf tjie general velocity of .the 
calculating blood, is by O0i^ulati);ig it from the quantity of 
, blood suppoa^ to be eoutained in the bod^, abd from the 
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quantity which can pass throtrgh the heart in each of it« ‘ 
actions. But the conclusions arrii^ed at by this method 
are less satisfactory. For the estimates both of the total 
quantity of blood, and of the capacity of the cavities of 
the heart, have as yet only approximated to the truth. 
Still, the most careful of the estimates thus made accord 
with tliose already mentioned; for Valentin has, from 
these data, calculated that the blood may all pass through 
the heart in from 43^ to 62 § seconds. 

The estimate for’ the speed at which the blood may be 
seen ^moving in transparent parts, is not opposed to this. 
For, as already stated (p. 162), though the movemfent 
through the cajjillaries may be very slow, yet the length 
of capillary vessel through which any portion of blood has 
to pass is very small. * Even if we estimate that length at 
the tenth of an inch, and suppose the velocity of the blood 
therein to be only one inch per minute, then each portion 
of blood may travei%e its own distance of the capillary 
sj’stem in about six seconds. There would thus be plent}" 
of time left for the blood to travel through its circuit in 
the larger vessels, in which the greatest length of tube 
tJjat it (OH have to traverse in the human subject does not 
exceed ten feet. 

All the ^8.tvmates here are averages *, ’but of course 
the time in which a given portion of blood passes from 
one side of the heart to the other, varies much according 
to the organ it has to traverse. The blood which circulates 
from the left ventricle, through the coronary vessels, to the 
right side of the heart, requires a far shorter time for the 
comxdetion of its course than the blood which flows from 
the left side of the heart to the feet, and back again to the 
right side of the mart ; for the circulation from the left to 
the right cavities of the heat^ may he represented as form- 
ing a number of arohee, vitt^ing in size, and requiring 
proportionately yarioua«tim# for the bl(^ to traverse 
theta ; the smallest of these arches being formed by the 

» H 2 
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ciTculation through \t]ilk.Mp0ronary vessels of the heart itself. 
Tile course of the bloo4 £ro]|i the right; side of the heart, 
through the luugs to the left, is shorter thaa most of the 
arches described by the systemic circulation, and in it the 
blood Rows, cat^ris paribus, much quicker than in most of 
the vessels which belong to the aortic circulation. For 
although the quantity of blood contained, at any instant, • 
in the greater circulation of the body, is far greater than 
the quantity within the teaser circulation; yet, in any given 
space of time, as much blood must pass through the lungs 
as passes in the same time through the systemic circulation. 
If the systemic vessels cont^n five times as much blood {is 
the pulmonary,, the blood in them must move five times as 
slow as in these ; else, the right 8i4le of the heart would be 
eitlier overfilled or not filled enouglii 

I 

Peculiarities of the Circulation in different Parts, 

, The most remarkable peculiarities attending the itircula- 
ftion of blood through different organs are observed in the 
leases of tlie lungs, the liv^r, the brain, and the erectile organs. 
The pulmonary and portal circulations have been already 
alluded to (pp. lOl, 102), and will be again noticed when 
considering th(3 functions of the lungs and liver. 

17ie chief circumstances requiring notice, in relation to 
the cerebral circidaiion, are observed in the arrangement and 
dmtn.butiinB..of in the con- 

ditions attending the amount of blood usually contained 
within the cranium. 

pie functions of the brain seem to require jtbat H i^uld 
. (receive a large suppljr of blood. This is accomplished 
I through the number and else of its arteries, the two ia^teiy uJ 
carotids, and the tw o yer tebrals. But' it appe^ tq. be 
farther necessary that the foysee with which tibJa Hood is 
sent to the brain should^beh^. or at least, subject to less 
yairiation from ex^mal drounuttcpicea, than it is in other 
This o&ject is effected by several provimons ; suoli 
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jas the tortuosity of the large arteries, and their wide ana's- 
‘toiuoses iu the formation of tl^ circle of Willis, which will 
insure that the supply of blood to the brain may be uni- 
form, though it may by an accident bo diminiHlied, or 
in some way changed, through one or more of the x^rincipal 
arteries. The transit of the lai’ge arteries tlirough bone, 
|esx)ecially the carotid canal of the temporal bone, may 
|X)revent any undue distension ; and uniformity of sup^ily 
is further insured by the arrangement of the vessels in 
the x)ia mater, in which, j^revious to their distribution to 
the substance of tlie brain, the large arteries brcjiiLup and 
divide into innumerable miiiuto branches ending in capil-, 
laries, which, after frequent communications with one 
: another, enter the brain, and carry into nearly every j)art 
i of it uniform and equtAle streams of blood. • 

The arrangement of the veins within the cranium is also 
X>eculiar. The large venous trunks or sinuses are formed 
so as to be scarcely (Sipable of change of size ; and com- 
posed, as they are, of* the tough tissue of the dura mater, 
and, in some instances, bounded on one side by the bony 
cranium, they ore not cojoipressible by any force which the 
fulness of the arteries might exercise through the substance 
of the brain ; nor do they admit of distension when the 
flow of venous blood from the brain is obstructed. 

The general uniformity in the supply’ of blood to the 
brain, which is thus secured, ia well adapted, not only to 
its functions, but also to its condition as a mass of nearly 
incompressible substance placed in a /cavity with unyielding 
walls* j^pnditions of the brain and skull have ap- 

peared, indeed, to some, enough to justify the opinion ; 
ithat th^ quantity of blood in the brain must be at all times 
Ithe same ; and that the quantity of blood received within 
lany given time through the arteries must be always, and 
jat the satoe time, exactly equal to that removed by the 
Veins. In aoeordanoe with supposition, the symptoms 
commonly referred to either excess or deficietu^ of blood 
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in the brain^ were ascribed to a disturbance in the balance 
between the quantity of artej^ial and that of venous blood. 
'■Some experiments performed by Dr. Kellie appeared to 
establish the correctness of this view. But Dr. Burrows 
having repeated these experiments, and performed addi- 
tional ones, obtained different results. lie found that in 
animals bled to death, without any aperture being made 
in the cranium, the brain became pale and ancDmic , like 
other parts. And in pA>of that, during life, the cerebral 
circulation is influenced by the same general circumstances 
that influence the circulation elsewhere, he found conges- 
tion of the cerebral vessels in rabbits killed by strangling 
or drowning; while in others, killed by prussic acid, he 
observed that the quantity of blood in the cavity of the 
cranium wa8« determined by the position in which the 
animal was placed after death, the cerebral vessels being 
congested when the animal was suspended wuth its head 
downwards, and comparatively empty when the animal 
was kept suspended by the ears. He concluded, therefore, 
that although the total volume of the contents of the 
(wanium is probably nearly always the same, yet the 
i quantity of blood in it is liable to variation, its increase or 
I diminution being accompanied by a simultaneous diminu- 
Hiou or increase in the quantity of the cerebro-spinal fluid, 
which, by readily admitting of being^ reijic^ed iri>m one 
part of (he brain and spinal cord to another, and of being 
rapidly absorl^ed, and as readily effused, would serve as a 
kind of supplemental fluid to the contents of the 
cranium, to keep it uniformly filled in ease of variatifms in 
their quantify. And there can be no doubt thal^ altlHugh 
the arrangements of the blood-vessels, to which re&Wce 
ha%.been made, ensure to the brain^ an amount' of blood 
wl^h is tolerably^ uniform, yet, inasmuch aa|>irith bvery 
beat of the heart and every aet of respiration, and nnder 
other circtimitances, the q«(pniify bf Mood in the 
cavity of the cr&uum is oonstanUy varying, it is plain that, 
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were there not ^vision made for the possible displace- 
ment of of the oonteijts of the unyielding bony 

case in w&sh the brain is contained, there would be often ^ 
alternations of excessive pressure with insufficient supply 
of blood. Hence we may consider that the cer^po-spinal 
fluid in the interior of the skull not only subserves the 
mechanical functions of fat in other parts as BLj^acking 
na atepa l, but by the readiness, with which it can be dis- 
placed into the spinal canal, provides the means whereby 
undue pressure and insuiRcient supply of blood are equally 
prevented. 

Circulation in erectile structure^.— The instances of greatest 
variation in the quantity of blood contained, at different 
times, in the same organs, are found in certain structures 
which, under ordinar^n circumstances, are Bof( and flaccid, 
but, at c^ertain times, receive an unusually large quantity 
of blood, become distended and swollen by it, and pass into 
the state which has been termed erection, . Such structures 
iiro the corpora cavernosa and corpus spongiosum of the 
l>enis in the male, and the clitoris in the female ; and, to 
a less degree, the nipple of the mammary gland in both 
^exes. The corpus cavernosum penis, which is the best 
t'xample of an erectile structure, has an external fibrous 
membrane or sheath ; and from the inner surface of the 
latter are prolonged numerous flue lamellm which divide 
its cavity intb small compartments looking like cells when 
they ore inflated. Within these is situated the plexus of 
upon which the peculiar erectile property of the 
organ mainly depends* It consists * of short veins which 
ver^^osely inter;lac6 and anastomose with each other in . 
all directions, and admit of great variation of sise, col- 
hipsing ish the passive state of the organ, but, for erection, 
capable.of ^ amount of dilatation which exceeds beyond 
comparisou that of tlie artoiies and veins which convey the 
Idood to and from th^. ^fhe stron g llbrons ja issue lying 
in the intervabj^Jot^i^ plexuses^ Imd the external 
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libr ous mem brane or sheath with which it is connected, 
limit the ^tension of the vessels, and, durinig the state of 
* erection, give to the penis its condition of tension and 
firmness. The same general condition of vessels exists in 
the corpus spongiosum urethrm, but around the urethra 
the fibrous tissue is much weaker than around the body of 
the penis, and around the glands there is none. I'he 
venous blood is returned from the plexuses by compara- 
tively small veins ; those* from the glans and tlie fore part 
of the urethr^^ empty themselves into the dorsal vein of the 
penis ; those from the corpus cavemosum j>ass into de^eper 
veins wliich issue from the Qori)ora cavernosa at the crura 
penis ; and those from the rest of the urethra and bulb 
pass more directly into the plexus of the veins about the 
prostate. F^r all these veins one (iiondition is tlie same ; 
namely, that they are liable to tlie jiressure of muscles 
wiien they leave the penis. The muscles chiefly con- 
eerued in this action are the erect or p enis and accelwator 
urinm. 

Erection results from the distensioo, of the venous iilex- 
uses.:«vith blood. The principal exciting cause in the erec- 
tion of the penis ia ueryous irritation, onginating in the 
part itself, or derived from the brain and spinal cord. The 
nervous influence is communicated to the {leuis by the pud^ c 
ueiv es, which ramify in its vascular tissue : and Guenther 
has observed, that, after their division in the horse, the 
Xienis is no longer capable of erection. It affords a good 
example of the subjection of the circulaiioin in an indivi- 
dual organ to the influence of the nerves ; but the mode 
. in which they excite a greater influk of, bloc^ ^ not 
certainty known. 

The most probable explanation is that, offered by Pro- 
fessor KcIUker, whO aseribes the distension of th^f venous 
pleknses to the influence^of orga nic muscular fiib A which 
ai% in abundance iu the corpora oavemosa of the 
pehfe, fiemn the^ulb to the glans^ sdso iu the clitoris and 
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other parts capable of erection. While erectile orgiins 
are flaccid at rest, tliesa contractile fibres exercise an 
ainoant of pressure on the x>l®xu8es of vessels distributed 
amongst them, sufficient to prevent their distension with 
blood. But when through the influence of their nerves, 
these parts are stimulated to erection, the action of these 
fibres is suspended, and the plexuses thus liberated from 
pressure, yield to the distending force of the blood, which, 
probably, at the same time arrives in greater quantity, 
owing to a simultaneous dilatation of tlie .^rteries of the 
parjs, and tliua the j^lexuses becbme filled, and remain so 
until the stimulus to erecfion# subsides, when the organic 
muscular fibres again contract, and so gradually expel the 
excess of blood from the previously distended vessels, 
'ttie influence of cold in x)roducing extreme contraction and 
shrinking of erectile organs, and the opx)osite effect of 
warmth in inducing fulness and distension of these parts, 
are among the arguments used by Kolliker in support of 
this opinion. 

The accurate dissections and experiments of Kobelt, 
extending and confirming those of Le Gros Clark and 
Krause, have shown, that this influx of the blood, however 
explained, is the first condition necessary for erection, and 
that through it alone much enlargement and turgesceuce 
of the penis may ensue. But the erection is probably 
not complete, nor maintained for any time except w^hen, 
together wdth this influx, the muscles already mentioned 
contract, flind by compressing the veins, stop the efflux of 
blood, or prevent it from being as great as the influx. 

ll appears to be only the most perfect kind of erection* 
that needs the help of muscles to compress the veins ; and 
nonS such can materially assist the erection of the nipples, 
or that amount of turgescence, just falling short of erec* 
tion, which the spleen and many other parts are capable. 
For such turgesoenoe Jiothhlg n^ore seSms neoe8ai||iy than 
a large plexifom arrangement of the veina^ and such 
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arteries as may admit, upon local occasional augmented 
quantities of Ijlood. , 

The Influence of the Nervous System on the circulation 
in the blood-vessels will be considered in Chap, XYIL 


CHAPTER YII. 

RESPIBATIOX. * 

$ 

As the hloo 4 ciieulates through the various parts of the 
body, and fulfils its office by nouxishing the several 
tissues, by supplying to secreting organs the materials 
necessary for their secretjpns, and by the performance of 
other duties with which it is charged, it is deprived of 
part, of its nutritive eonstituents, and receives impurities 
which need removal ' from the body. It is, tlmrefore, 
necessaiy that &esh supplies of nutriment should be, con- 
tinnally added to.; the blood, and tliat provision should 
be made for the.vemoval of |he impurities. The first of 
these objiecta,is acdmnpliehed by the prbcessSe of ffigestion 
and nbfSorption. Thh Second is prinhipSiUy the 

agem7.jaf the vs^us emnrefory organs, Ihxmigh'sShidi . are 
remo>^ ffie several Impuritiel with W^^h Ihe ^bl^ is 
charged, whsthos^^tMSSB impuritias ace dmilyed iltpgsiher 
from the d^generetkms of tis^|^ hr in part also the 
elesSents of unasnuaffiated food, Gine of themoStinqportant 
i and ;, abundant of tbh ini|N|ritiss is oachonio addi foe ie> 
\ mo^ of whuffi and the int(odm>foia| of fresh quantities of 
'9»ijfg«n, oonstitiifte foe diief purpose of respiration— -a 
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process whicli, because of its intimate relation to tlie cir- 
culation, may be considered here, rather than with the 
other excretory functions. 

Position and Structure of the Lungs. 

The lungs occupy the greater portion of the chest, or 
uppermost of the two cavities into which the body is 
divided by the diaphragm (fig. 31). They are of a spongy 
elastic texture, and 0x1. section appear to the naked eye as 
if they were in great part solid organs, except here and 
there, at certain points, where branches of the bronchi or 
air-tubes may have been cut ^across, and shoW, on their 
surface of tlie section, their tubular structure. 

In fact, however, the lungs are hollow organs, .and we 
may consider them as<»really two bags containing air, each 
of which communicates by a separate orifice with a common 
air-tube (fig. 31), through the upper portion of which, 
the larynx, they fteely communicate with the external 


56.* 



atmbdj^here. The orifioe'^of the larynx is guarded by 
muscles^ and can be opened or clcysed at will. 


* Fig. 56, Transverse seiction of the ehest*(after Gray). 
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It has been said, in the preceding chapter that each 
lung is enveloped in a distinct fibrous bag, with a smooth, 
slippery, lining, and that the outer smooth surface of 
the lung glides efisily on the inner smooth surface of the 
bag which envelops it. This enveloping bag, which is 
called the pleura , is easily seen in the dead subject ; and 
when it is opened, as in an ordinary }->ost-mortem examina- 
tion, there is a considerable space left, by tlio elastic recoil 
of the lung, between the outer surface of the lung and the 
inner surface of the pleura, which is h;ft sticking, so to 
speak, to the inner surface of the walls and fioor of ,the 
chest. 1 

This space, hawever, between the lung and the pleura 
does not exist (except in some cases of disease) so long us 
the chest is not opened ; and, wliile cOasic|eriiig the subject 
of normal healthy respiration, we may discard altogether 
the notion of any space or cai^ity between the lung and 
the wall of the chest. So far as the movement of the lung 
is concerned it might be adherent completely to the chest- 
wall, inasmuch as they accompany each other in all their 
movements; only there is a slight gliding of the smooth 
surface of the lung on the smooth ii^er surface of the 
pleura, but no .separation, in the slightest degi'ee, of one 
from the other.* ^ 

The trachea , or tube through which air passes to the 
lungs, divides into two branches — one for «each lung; 
and these primary branches, pr bronchi, after entorin|$t the 


** It may W rnsationedv thit tlie. ooverblg ef th^ dmig is 

really continuous with tbs inner of 

the chdjjil, aa will bu resdUy seen in 0^' 56. Heaise the 
|\vhioh covers tht lung is called the vieeeml layer of the pUttra, and that 
iwhich fines the wrilfii 0 oor of the, cheat the parietai The 

aj^|M#tance of a c^ivity <wr spm (0g. 56).be1t,^eeii the visceillii layer of 
pjeum (covering ifi» lungs) and ^the parietiil layer (oevering the inner 
surfed of |he wall of tlw altost and uppdi? pattbf the diaphragm) U 
only ituscrted f^r thtTsake of • 
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substance of the organ, divide arid subdivide into a number 
of smaller and smaller branches, which penetrate to eyery 
part of the organ, until at length they end in the smaller 
subdivisions of the lung called lobules. All the larger 
branches have walls formed of tough membrane, contain- 
ing portions of cartilaginous rings, by which they are held 
open, and unstriped muscular fibres, as well as longi- 
tudinal bundles of elastic tissue.. They are lined by 
mucous membrane, the surface of which, like that of tlie 



larynx and trachea, is covered wdth vibratile ciliary epi- 
tlielium (fig* 58). 

As the bronchi divide they become smaller and smaller, 


* jy, X iliSgraminatic representation of the heart lu^d great 
vessbls in conn^Ctiott with the lungs— The pericardium has been 
removed, and the lungs are turned aside, i, right ^uri^e ; 2, vena cava 
superior t 3» inferior ; 4 j ^ight ventriple ; 5, stem of the pul- 

monary aHory j a a, its right and left branches ; 6, left auricular 
apiwudage ; 7, left ventricle ; % Uorta ; 9, to, the two lobes of the left 
lung ; n, 12, 13, the three of the right finng; h 6, right and left 
bronchi ; v t?, right and left upper pult.-a^nary veins. 
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and their walls thinner ; the cartilaginous rings, especially 
becoming scarcer and more irregular, until, in the smaller 
.bronchial tubes, they are represented only by minute and 
[scattered cartilaginous flakes. And when the bronchi, by 
successive branches, are reduced to about tV of an inch 
in diameter, they lose their cartilaginous element alto- 
gether, and their walls are formed only of a tough, fibrous, 
elastic membrane, with traces of caroular muscular fibres ; 
tliey are still lined, however, by a thin mucous membrane, 
with ciliated epithelium. 

Each lung is partially subdivided into separate portions, 
called ; the right lung4>into three lob es, and thaJnlt 
luDg in to two (fig. 57). Each of these lobes, again, is 



composed of a large number of minute parts, ca! 

Each n ulmonary ^ Jobule may be considered a lung in 
miniature, consisting, as it does, of a branch of the bron- 
chial tube, of aiivcells, blood^vsssels, nerves, and lymphatics, 
. with a sparing amotmt of areolar tissue. 

On entering a IcWe, the smidl bixmohial^ to 

* Fig. 5S. Ciliary spitheliatn of the human tnichea magniilQd 350 
(Utters, a, Layer <^longitndinally elastic fibrA ; Base- 

membrane ; c, Deepest cell^ form ; rf, Intermediate 

eki%Bted <»)ns ; «, ^Amost la^er ef (HdMhliy dei^{>Gd and bearing 
ctHa (after K&lliker}. ^ 
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and subdivides; its walls, at the same time, becoming 
thinner and thinner, until at, length they are formed only 
of a thin membrane of areolar and elastic tissue, lined by 
a layer of squamous epithelium, not provided with cilia. At 
the same time, they are altered in shape; each of the 
tmini^Lte terminal brancW widening out fimnel-wise, and 
jits walls being pouched out irregularly into small saccular 
liLlatations, ca lj^ air=(;ell 8 (fig. 59). Such a, funnel-shaped^ 
terminal branch of the bronchial tube, with its group ofl 
pouches or air-cells, has been called an 
Ufi^. 59), and the irregular oblong space in its centre, 
jwith which the air-ceUs CQmmunicate, an inUrcellular 

The alr-eells may be 
placed singly, like recesses 
from the intercellular pas- 
sage, but more often they 
are arranged in groups or 
even in rows, like minute 
sacculated tubes; so that 
a short series of cells, 
all communicating with 
one another, open by a 
common orifice into the 
tube. The cells are of 
' various forms, according 
to the m^al pressure to 
which they are subject; 
their walls are nearly in contact, and they vary from 
tV ^ tV ^ diameter. Their walls are formed 

of fine memWane, similar to that of the intercellular 
passages, and oonfinuous with it, which membrane is 

* Fig 59. Two small groups ot air-cells, or infmdibtdOi a a, ^ntk 
jiir-cells; b b, and the ulUnMts h>^nclual tubes^* c j with which the air- 
cells communicate. From a new-t)oi» child {alter RbUtker). 
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folded on itself so as to form a sharp-edged border at 
each circular orifice of communication between contiguous 
fiir-cells, or between the cells and the bronchial passages. 
Numerous fibres of elastic tissue ore spread out between 
contiguous air-cells, and many of these are attached to the 
outer surface of the fine membrane of which each cell is 
composed, imparting to it additional strength, and the 
power of recoil after distension (fig. 6o, h and c). The 



cells are lined by a layer of $qmmom or temllaUd epithe- 
lium, not provided with cilia. Outside the cells, a net- 
work of pulmonary capillaries is spread out so densely 
(fig. 6i), that ilie interspa^ or medies tiare even narrower 

" "" '''' — 7 “ 

* Eig. 6o. Air-cells of long, magnified 350 diameters. Epithelial 
lining of the ccUs; A, Fibres of elistic tisane; e, Delicate membrane of 
whA thi^ celhwall is eonstmetod with ekslic fibres attached to it (after 
tohiker). ^ 
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than the vessels, which are, on an average, of an 
ihch in diameter. Between the atmospheric air in the 
cells and the blood in these* vessels, nothing intervenes 
but the thin membranes of the cells and capillaries and 
the delicate epithelial lining of the former ; and the 
exx:»osure of the blood to the air is the more complete, 
because the folds of membrane between contiguous cells, 
and often the spaces between the walls of the same, con- 
tain only a single layer of capillaries, both sides of which 
are thus at once exposed to the air. 

The cells situated nearest to the centre of the Idng are 
smaEer, and their networks of capillaries are closer than 
those nearer to the circumference, in adaptation to the 

FUj, 6i.* 





more ready supply of fresh air to the central .than the 
X^eripheral portion of thc^ lungs. The cells of adjacent* 
lobules do pot communicate ; and those of the same lobule, 
or proceeding from the same intercellular passage, do so 
as a general rule only near angles of bifurcation j so that, 

^ * Fig. 6r. Capillary uet-srork,|f the pulmouift-y blood-vessels in the 
luiinau hing (horn KoUiker) * 
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irfieii any bronchial tube is closed or obstructed, the 
supply of air is lost for all the cells opening into it or its 
branches. 

Mechanism of Bespiration, 

For the^^propor understanding of the mechanisip by 
which air enters and is expelled froni ih» lungs, the follow- 
ing facts must be borne in mind : — 

The lungs form two distinct hollow bags (communicating 
with the exterior tlirough the trachea and larynx), and are 
always" closely in contact with the inner surface of the 
chest-walls, ^hile their lo\jer portions are cl6«ely in con- 
tact with the diaphragm, or muscular ptirtitioii wrhich 
separates the chest from the abdomen (figs. 3 1 and 65). The 
lungs follow all movements of the pants in contact with them ; 
and for the evident reason that the outer surface of the 
lung-bag not being exposed directly to atmosi>heric pres- 
sure, while the inner suiface is so ^posed, the pressure 
from within preseiwes the’^dungs in^ close contact with the 
parts surrounding thenj, and obliterates, practically, the 
I pleural space, and must continue to do so, until from some 
^cadse or other — say from an opening for the admission of 
air throt^h the chest-walls, the pressure on the outside of 
the lung equiils or exceeds that on the interior. Any such 
ai'tificial condition of things, however, need^eot here be 
considered. 

P'or the inspiration of air into the lungs it will be evi- 
dent from, the foregoing facts, tliat all that is nec^^sary is 
such a movement of the^ side- walls or floor ^ tlb clisst, or 
of both, that the capacity of the interior shall be enlarged. , 
By such increase of capacity flier©/ be ,of \^our80 a 
diminiiEtion of tlie pressure of the cur in the^llcngs, and a 
fresh quantity will outer through th|i^. larynx and trachea 
to. equalise Uie pressure on the uRd outside of the 
For ilie« expiration of on the other hand, 
it is also evidiut, that^ by on opposite movement which 
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shall contract the capacity of the chest, the pressure in tile 
interior will be increased, an^ air will bo expelled, until 
the pressures within and without the chest are again 
i'<|uaL In both cases the air passes through the trachea 
and larynx, whether in entering or leaving the lungs, 
ther^ being no other communication with the exterior, and 
the lung, for the reason before mentioned, remains under 
all the circumstances described, closely in contact with the 
walls and flooir of tlie chest. To speak of expansion of the 
chest, is to speak also of expansion of the lung, ^ 

We have now to consider the means by which the chest- 
cavity is alternately enlarged contracted for tlie en- 
trance and expulsion of atmos|)heric air ; or, in technicid 
terms, for impirathn and ej^nrution, 

« 

Iiespimtory Movemen is. 

The chest is a cavity filled by the lungs, heart, and large 
blood-vessels, etc., and closed everywhere against the en- 
trance of air except by the way of the larynx and trachea. 
It is bounded behind and at the ^ides by the spine and. 
ribs, and in front by the sternum and cartilages of the ribs./^ 
Its tloor is formed mainly by the diaphragm. y 
Tlic immediate inner lining of ail these pa^ is tlie 
f»uter or polished layer of the pleura ; and tlunST inonibrane 
also is stretched continuously across the topi of tlic (iiest- 
cavity, and mainly forms its roof. I 

The enhu'gement of the capacity of the cl/est in inqnm- 
tian is a muscujar act ; tlie muscles concerned in producing 
the e^ffect beiiig chiefly the diapj^agm and the exhrj}al 
intercostal muscles, witli that port of tliA internal inter- 
costal, wliieh is between the cartilages of the ^s. These 
nve assisted % tlie leyjitores^costarum, th|^ serratus^osticus 
superior, and some others, / • 

The vertM diametei; h£ tb© (Jhest i^ increased by the 
contraction and consequ^ of diaphragm,—, 

the sides of the muscle desc^idbu:; most, and the central 
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tendon remaining comparatively unmoved while the in- 
tercostal, and other muscles Just mentioned, by acting at 
the same time, not only prevent the diaphragm during its 
contraction from drawing in the sides of the chest, but 
increase the diameter of the chest in the lateral direction, 
b}" elevating the ribs; that is to say, by rotating them, to 
8X)eak roughly, around an axis passing through their 
sternal and spinal attachments, — somewhat after the 
fasliion of raising the*iiaiidle of a bucket (fig. 62). This 
is not all, however. Another effect of the contraction of 
tlie intei'costal muscles is to increase the anteroposUrior 

Pitj» 62. 



<Iiamet^r of the chest, — by partially straightening out tlie 
angle betwee?! the rib and its cartilage, and thus lengthen- 
ing the distance between its spinal and sternal attachments 
(fig. 62, a). In this 'way, at the same time that the ribs 
are raised, the {sternum is pushed forward. This forward 
movement of the sternum, which is accompanied by a 
slight ui»ward movement, is iix part accomplished also by a 
raising of th^ aii|arior extremities of the rib cartilages, 
which of course, dh any movement, carry the sternum yrith 
tiem. The djfiersinces in shape ind dixe^On of the upper 
and lower troe ribs, and the more acuid angles formed by 
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the junction of the latter with their cartilages, make the 
effect much greater at the lower than at the upper part of 
the chest. 



The expansion of the chest iu inspiration presents some 


• Fi". 63 (after Hutchinson). The changes of the thoracic ainl 
olxlomiual walls of the male during respiration. Tlie hack is supposed 
to Iwj lijjed iu order to throw forward the respiratory movement as much 
its possible. The outer black continuous line in front reifresents the 
ordinary breathing movement : the anterior margin of it bt?iiig the 
boundary of inspiration, the jiostcrior maigin the limit of ex[»iration. 
The lino is thicker over the ubdomeu, siiiCo the ordinary resphatory 
movement is chiefly alHlominal : thin over the chest, for theie is less, 
iiiovemont over that region. The dotted line indicates the movement 
on deep inspiration, during vi'hich the sternum advances while the 
abdomen recedes. 

f Fig. 64 (after Hutchinson). Tlie respiratory nlovement in the female. 
The linos indicaUt the same changes as in the last figure. The thickness 
of the continuous line over the shows tlie larger extent of the 

ordinary breathing movement direr tiint i*egioii iai the female tliau iu 
the male. 
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peculiarities in different persons and circumstances. In 
3'oung cliildren, it is elfectoji almost entirely by the dia- 
jdu'agin, which being highly arched in expiration, becomes 
llatter as it contracts, and, descending, presses on the 
abdominal viscera, and pushes forward the front walls of 
the abdomep. The movement of the abdominal walls 
being here more manifest than that of any other part, it is 
usual to call this the abdomhml mode or of respiration. 
In adult men, together with the descent of the diaphragm, 
and tlie pusliing forward of the fi*oiit wall of the abdomen, 
the lower part of tlie chest and the sternum are subj^t to 
a '^^•i^le movement in inspiration. In women, the move- 
men i appears less extensive in the lower, and more so in 
the upper, part of the chest ; a mod^ of breathing to which 
a greater mobility of the first rib fs adapted, w'hii li 
may have for its object tlie provision of sufficient space for 
i-espirution w lien tlie louver part of the chest is encroached 
upon by the pregnant uterus. Beau and Maissiat 

cfiU the former the inferior co»tal, and the latter the stiperior 
costal, type of respiraticn ; but the annexed diagrams will 
explain the difference bettor than the names will, for these 
imply a greater diversity than naturally exists in the 
modes of insph-ation. 

From the enlargement produced in inspiration, the chest 
and lungs return in ordinary tranquil expiration, by their 
elastif ity ; tlie force employed by the inspiratory muscles in 
distending the chest and overcoming the elastic reeistaiice 
of the lungs and chest-walls, being returned as an expira- 
foiy effort when the muscles aro relaxed. This elastic 
mx>il of the rib-cartilages, but also of the lunge them- 
bdves, in consequence of the. elaAtil^ tii^ue which- tliey 
contain iu Considerable quantity, is sufficient, in ordinar}^ 
quiet breathing, to e^fpel air from the chest iu the intervals 
of insi)iration, and no muscular power is required. In all 
voluntary expiratory efforts, however, as in speaking, 
blowing, and the like, and in many iuvoluntaiy 
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actions also, as sneezing, coughing, etc., sometliing more 
tlian merely passive elastic ppwer is of course necessary, 
and the proper expiratory muscles are brought into action. 
By far the chief of tliese are the abdominal muscles, which, 
by pressing on the viscera of the abdomen, push up the 
floor of the chest formed by tlie diaphragm, and by thus 
making i)ressure on the lungs, expel air from them through 
tho trachea and larynx. All muscles, however, which de- 
press the ribs, must sunt also as muscles of expiration, and 
therefore we must conclude that the abdominal muscles are 
assisted in their action by the greater part of the internal 
intercoJitols, the triangularis siemi, the serratus posticus 
inferior, etc. Wlien by the efforts of the expiratory muscles, 
tlie chest has been squeezed to less than its average dia- 
meter, it again, on 'relaxation of the muscles, returns to 
the normal dimensions by virtue of its elasticity. The 
construction of tiio chest-walls, therefore, admirably adapts 
them for recoiling agninst and resisting as well undue con- 
traction as undue dilatation. 

As before mentioned, the lung^ after distension in tiio 
act of inspiration, contract by virtue of the elastic tissue 
wliicli is present in the bronchial tubes, on and between 
tin' air-cells, and in the investing pleura. But in tho 
nat!U*ul condition of the parts, they can never contract to 
the utmost, btit are always more or loss ^*on tho stretch,” 
being kept closely in contact with the inner surface of the 
walls of the chest by atmospheric pressure, able to act only 
on their interior, and can contract away from these only 
w hen, by som^ means or other, os by making an opening 
into tho pleural cavity, or by the effusion of fluid there, the 
pressure on the exterioi^ and interior of the lungs becomes 
c<pial. Thus, under ordinary circumstances, the degree of 
(;outraction or dilatation of the lungs is dependent on that 
of the boundary walls of the chest, the outer surface of the 
one beiug in close contec<l;^ith the inner surface of the 
other, and obliged to follow it in cll its movements. 
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Respiratory RJjtytkm. 

* 

The acts of expansion and contraction of the chest, take 
up, under ordinary circumstances, a nearly equal time, and 
can scarcely be said to be separated from each other by an 
intervening pause. 

The act of inspiring air, however, especiall}" in women 
and children, is a little shorter than that of expelling it, 
and there is commonly a*very slight pause between the end 
of expiration and the beginning of the next inspiration. 
The respiratory rhythm may be thus expressed : — 

Iiispination . . 0 

Expiration . . . . 7 or 8 

A very slight j[)ause. 

•- 

« 

Respiratory Movements of the Glottis. 

During the action of thd muscles which directly draw 
air into the chest, those which guard the opening through 
which it enters are not passive. In hurricfl breatliing the 
instinctive dilatation of 1;he nostrils is well seen, although 
under ordinary conditions it may not be noticeable. The 
opening at the upper part of the larynx, however, or rim a 
glottidU (fig. 65), is. dilated at each inspiration, for the 
more ready passage of air, and collapses somewhat at each 
expiration, its condition, therefore, corresponding during 
respiration with that of the walls of the chest. There is a 
further likeness between the two acts in tliat, under ordi- 
nary ciicumstances, the dilatation of the rima glottidis is a 
muscular act, and its contraction ohiefiy an elastic recoil; 
although, undei* various conditions, to be hereafter men- 
tioned, there may be, in the contraction of the glottis, con- 
siderable muscular power exercised. 
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'Quantity of Air Hespired. 
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The quantity of air that is changed in the lungs in eac h 
act of ordinary tranquil breathing is variable, a^d is very 
dilficult to estimate, because it is hardly possible to breathe 
naturally while, as in an experiment, one is attending to 
the process. Probably 30 to 35 cubic inches are a fair 
average in the case of healthy young and middle-aged 
men; but Bourgery is i^erhaps right in saying that old 
people, even in health, habitually breathe more^ deeply, 
ancj change in each respiration a larger quantity of air 
than ^unger persons do. • 

The total quantity of air which passes into and out of 
the lungs of an adult, at rest, in 24 hours, has been esti- 
mated by Dr. E. Sifiith at about 686,ocxi cubic inches. 
This quantity, however, is largely increased by exertion ; 
and the same observer has computed the average amount 
for a hard-working labourer in the same time, at 1,568,390 
cubic inches. 

The quantity which is habitually and almost uniformly 
changed in each act of breathing, is called by Mr. Hutchin- 
son breathing air. The quantity over and above this whicli 
a man can draw into the lungs in the deepest inspiration, 
he names conipUmental air : its amount is various, as will 
be i)resently shown. After ordinary expiration, such as 
til at which expels the breathing air, a certain quantity of 
air remains in the lungs, whicli may be expelled by a 
forcible and deeper expiration : this he terms reserve air. 
But, even after tlie most violent expiratory effort, the 
lungs are , not completely emptied ; a certain quantity 
always remains in them, over which there is no voluntary 
cHintrol, and which may be called 'ijesidml air. Its amount 
depends in great measure on the absolute size of the chest, 
and has been variously estimated *at from forty to two 
hundred and sixty cubic Inches. • 

The greatest respiratory capacity of &ie chest is indi- 
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ca by tlie quantity of air wbicb a person can exj^el from 
his lungs by a forcible expiration after the deepest inspi- 
ration that he can make. Mr. Hutchinson names this the 

* 

vital capacity : it exin*esses the power which a person has 
of breathing in the emergencies of active exorcise, violence, 
and disease; and in Jiealthy men it varies according to 
stature, u'eight, and aye. 

It is found by Mr. Hutchinson, from whom most of our 
iiifonnation on this subject is derived, that at a tempera- 
ture of 6o° F., 225 cubic inches is tlio average vital capacity 
of a liea'lthy person, five feet sefen inches in height, for 
every inch of height above .this standard the capacity is 
increased, on an^ average, by eight cubic inches ; and for 
every inch below, it is diminished by the same amount. 
Tliis relation of capacity to height i.^ quite independent of 
the absolute capacity of the cavity of the chest ; for the 
cubic contents of the chest do not always, or even gener- 
alh% increase with the stature of the body; and a person 
of small absolute cax)acity of chest may have a large capacity 
of respiration, and vice ver§d. The capacity of respiration is 
determined only by the mobility of the walls of the chest ; 
but why this mobility should incretise in a definite ratio 
with the height, of the body is yet unexplained, and must 
be difficult of solution, seeing that the height of the body 
is chiefly determined by that of the legs, and Hot by the 
lieight of the trunk or the depth of the chest. But the vast 
number of observations made by Mr. Ilutatiinson seem to 
leave no doubt of the fact^as stated above. 

The influence of voeiyht on the capacity of respiration is 
Jess manifest and considerable than that of height : and it 
is difficult to arrive at any definite eonidusioas on this 
l>oiDt, Watise the natural average weight of a healthy 
i^an in relation to* stature has not yet been determined. 
As a general statement, however, it may be said that the 
cap^ity of respiration is not affected by weights n>ider 
i<3l jjounds, or stones j but that, above this point, it 
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is (liiiiinished at the rate of one cubic incli for every addi- 
ticnjal pound up to 196 ijounds, or 14 stones ; so that, for 
exaini)le, while a man of five feet six indies, and weighing 
h*-8s than llj stones, sliould be able to expire 217 cubic 
inches, one of the same height, weighing 1 2^ stones, might 
expire only 203 cubic inches. 

By atje, the capacity appears to be increased from about 
the fifteenth tO tlie thirty-fifth year, at the rate of five 
cubic inches per year, from thirty-five to sixty-five it 
diminishes at the rate of about one and a-lialf cubic inch 
per year ; so that tlie capacity of respiration of a*man of 
sixfy yeiu's old would be about 30 cubic inches less than 
tliat of a man forty years old, of the same height and 
U'fciglit. 

]Mr. Ilnfchinson’s fdiservations were made almost exclu- 
sively on men ; and his condusious are, perhaps, true of 
them alone ; for women, according to Bourgery, have only 
luilf tho capacity of , breathing that men of the same age 
have. 

The numher of respirations in a healthy adult person 
usually ranges from fourteen to eigliteen per minute. 

It is greater in infancy and childhood ; and of course 
varies much according to different circumstances, such as 
exeroiso or rest, health or disease, etc. Variations in tho 
numher of respiraHons cor respqn jLordinarily with similar 
variations in the i)ulsations of tlie heart. In health the 
]>roi>orti<»n is about I to 4, or I to 5, and when the 
rapidity of the heart’s action is increased, that of the chest 
movement is commonly increased also j but not in every 
case in equfil proportion. It happens occasionally in ^ 
disease, esi)eciaUy of the lungs or air-passages, that the 
luimbet of respiratoiy acts increases in quicker proportion 
than the beats of the pulse ; and, in oth^r affections, much 
more commonly, that the number of the pulses is greater 
in proportion than that^of the respirations. 

According^ to Mr. Hut<^son, the ford with which tho 
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inspiratory muscles are capable of acting, is^ greatest in 
individuals of the height of ^om five feet seven inches to 
five feet eight inches, and will elevate a column of three 
inches of mercury. Above this height, the force decreases 
as the stature increases ; so that the average of men of six 
feet can elevate only about two and a half inches of mer- 
cury. The force manifested in the strongest expiratory 
acts is, on the average, one-third greater than that exer- 
cised in inspiration. KUt this difference is in great 
measure due to the power exerted by the elastic reaction of 
t Jie walls of the cJiest ; and it is also mtich influenced^ by 
the disproportionate strength which the expiratory muscles 
attain, from their being called into use for other purposes 
than that of simple expiration. The force of the inspira- 
tory act is, therefore, better adaptp^id than that of the 
expiratory for testing the muscular strength of the body. 

The following table expresses the result of numerous 
experiments by Mr. Ilutcliiuson on this subject, the instru- 
ment used to gauge the inspiratory and expiratory power 
being a hsemadynamorngter (see p. 164), to whieli was 
attached a tube fitting the nostrils, and through which the 
inspiratory or expiratory effort was made : — 


Power 

tn^piratory Mu^c]cs, 

Power of 

Kxpiratory Mu^dcs. 

1 *5 in, . 


. 2 0 Ml. 

2-0 „ . , 

Orilinary 

• 2 S 

2 '5 „ • 

Slrou^ 

• 3*5 »» 

3 5 »* • 

Very strong . 

• 4 5 »» 

4*5 • 

Herntirknhle 

* 5*8,, 

JS‘5 • ' 

'N'cry remarkable . 

. 70 ,, 

*«-6 „ . 

Extraordinary . 

. 8*5 „ 

t i ‘o „ . . 

Veiy extraordinary 

. lO'O 


Mr. Ilutehlnson remarks : — “ Suppose a man to lift by 
his inspiratoiy mik^les three inches of mercury, what 
muscular effort has he used ? The metre quantity of fluid 
lifted may be vefy inconsiderable (and as such 1 have 
found men won^ they could not elevate adbre), but not 
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80 the power exerted, when -we recollect that liydrostalic 
law, w^bich Mr. Bramah adopted to the construction of a 
very convenient press. To apply this law here, the 
diaphragm alone must act under such an effort, with a 
force equal to the weight of a column of mercury 3 inches 
in height, and whose base is commensurate to the area of 
tlie diaphragm. The area of the base of one of the chests 
now before the Society, is 57 square inches; therefore, had 
this man raised 3 inches of mercury by his inspiratory 
muscles, his diaphragm alone in this act must have 
oj>pc»6od a re.«<istaiit*e e<pifil to more than 23 oz. on every 
incli of that muscle, and a totsji weight of more than 83 lbs. 
Moreover, tlie sides of bis chest would resist a pressure from 
tlie atniosphere equal to the weight of a covering of mer- 
cury three inches in thickness, or more than 73 oz. on every 
iiH'li surface, wdiicli, if‘ w^o take nt 318 square inches, the 
chest will be found resisting a pressure of 731 lbs.; and 
alloti'iiig the elastic resistance of the ribs as Ij inch of 
mercury, this will bring the weiglit resisted by the chest 


Diaphrnfjtii 83 Ihs. 

AVaDs uf t.lie oln'Sl . . . . 73 * 

Klustio force ... . . 232 ,, 

Total . ... 1046 

** In T<umd numbers it may be said, that the parietes 
of the thorax resisted lOOO lbs. of atmospheric pressure, 
and that not counterbalanced, — to say nothing of the 
elastic i)Owcr of the lungs, which co-operated with this 
pressure, 

“ I w’ould not venture at present to stat§ exactly the 
distribution of muscular fibre over tlie thorax, which is 
called into action when resisting this lb46 lbs., but I think 
I am .safe in stating that nine-tenths of the thoracic sur- 
face conspire to this a6t. ^ , 

. What h here said of the muscular part of the chest 
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resisting such a force, must not be confounded with a former 
statement of ^two-thirds be^ng lifted by the inspiratory 
muscles, and one-third left dormant,’ under a force ecpial 
to 30 r lbs. In this case the 301 lbs. are lifted; in the 
other, nine-tenths of 1046 lbs. ore said to be resisted. 

“ The glass receiver of an air-pump may resist 15 lbs. on 
the square inch, yet it may be said to lift nothing. This 
question of the thoracic muscular force and resistance, and 
muscular distribution, is rendered complicate by the pre- 
sence oJf so much osseous matter entering into the composi- 
tion of the chest, which can scarcely be considered to ,act 
the same as muscle.” * 

The great force of the inspiratoiy efforts during af»ncea 
was well shown in pome of the experiments performed by 
the Medico-chirurgical Society’s Confinittee on Suspended 
Animation. On inserting a glass tube into the trat liea of 
a dog, and immersing the other end of the tube in a vt^ssel 
of mercury, the respiratory efforts dufiug apno^a were so 
great as to draw the mercury four inches up the tube. 
The influence of the same force was shown in other expe- 
riments, in w^hich the heads of animals were immersed 
both in mercury and in liquid plaster of Paris. In botli 
cases the matevial was found,* after death, to have been 
drawn up into all the bronchial tubes, filling the tissue of 
the lungs. 

Much of the force exerted in insi^iration is employed in 
overcoming the resistance offered by the elasticity of the 
walls of the chest and of the lungs. Mr. Hutchinson esti- 
mated the amount of this elastic resistance, by observing 
the elevation of a column of mercury raised by the return 
of air forced, after dea^, into the lungs, in quantity equal 
to the known capacity of respiration during life ; and ho 
calculated that, in ft man capable of breathing 200.cubi<^ 
indies of air, the muscular jibwer expended upon the elas- 
tic!^ of the walls* of the chesti in making the depp(?st 
inspiration, woufd be equal to the raising "of at least 
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301 pounds avoirdupois. To tliis must bo added aboilt 
150 lbs. for the elastic resistance of the lungs themselves, 
so that the total force to be overcome by the muscles in 
the act of inspiring 200 cubic inches of air is more than 
450 lbs. 

In tranquil respiration, supposing the amount of breath- 
ing tiir to be twenty (mbic inches, the resistance of tlio 
walls of the chest would be equal to lifting more than 
100 x^ounds ; and to this must be added about 70 pounds 
for tlio elasticity of the lungs. The elastic force overcome 
in ordinary inKX)iration must, therefore, bo equal to about 
1 70* poun<ls. ^ 

It is xjrobable, that in the quiet ordinary respiration, 
which is x)erformed without consciousness or effort of the 
will, the only forces engaged are tliose of tlie inspiratory 
muscles, and the elasticity of tlio walls of the chest and 
the lungs. It is not known under what circumstances the 
contractile power which the bronchial tubes possess, by 
means of their orgtmic muscular fibres, is brought into 
actioja. It is 2^^>ssible, as Dr. 11 ^. Hall miiintainod, that 
it may exist in expiration; but it is more likcdy that 
its chief purpose is to regulate and adax^t, in some measure, 
the quantity of air admitted to the lungs, and to each part 
of them, according to the supidy of blood. Another pur- 
X)ose x'rohiibly served by the muscular fibres of the bron- 
chlal tubes is that of contracting upon and gradually ex- 
pelling collections of mucus, which may have accumulated 
within tlie tubes, and cannot be ejected by forced expiratory 
efforts, owing to collaiise or other morbid conditions of 
tlie x>ortion of lung proceeding froin the obstructed tubes . 
(C/airdner). 

The muscular action in the lungs, morbidly excited, is 
probably the chief cause of the phonomena of spasmodic 
asthma. It may be demonstrated by galvanizing the lungs 
shortly after taking thepx .|rom the body. Under such a 
stimulus, they contract so as to lift up vrtiter placed in a 
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tube introduced into the trachea (C. J. B. Williams); and 
Volkmann has shown that they may be made to contract by 
stimulating their nerves, lie tied a glass tube, drawn 
fine at one end, into the trachea of a beheaded anima^; 
and wlion the small end was turned to the- flame of a 
candle, he galvanized the pneumogastric trunk. Each 
time ho did so the dame was blown, and once it was 
blown out. 

, Tlio changes of the air in the lungs effected by these 
respiratory movements are assisted by the various con- 
ditions of the air itself. According to the law observed in 
the diffusion of gases, the carbonic acid evolved in Uirf air- 
cells will, independently of any respiratory movement, 
tend to leave the lungs, by diffusing itself into the exUu-nal 
air, where it exists in less proportion ; and according to 
the same law, thc^ oxygon of the atmospheric air will tend 
oi itself towards the air-cells in which its proportion is 
less than it is in tlie air in the broncjiial tubes or in' that 
external to the body. But for this tendency in the oxygen 
and carbonic acid to mix uniformly, within and without 
tlie lungs, the reserve and reeidual air would, probably, 
be very injuriously charged with cai^bonio acid; for tlie 
respiratory m<*vement8 alone are not enough to empty 
the fvir-cells, and perhaps expel only the « air which lies 
in the larger bronchial tubes. Probably also, the change 
is assisted by the different * temperature of the air 
within and without tl^ lungs; and by the action of the 
cilia on the mucous membrane of the bronchiid tubes, 
the continual vibrations of which may serve to prevent 
the adliebiou of the air to the moist surface of the mem- 
brane. 


Movement ^ Blood in the Tteepiratory Otyane. 

To be exposed t6 the aiz^ thus alteimtely moved jinto and 
oiijt of the air-cells and minute bronchial tubes, the blood is 
pir^U^ from the right ventricle through the pulmonary 
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, capillaries in steady streamsy and slowly enough to permifc 
' eye^ minute portion of it to he for a few seconds exposed 
to the air, with only the thin walls of the capillary vessels 
dhd air-cells intervening- . The pulmonary circulation is 
of the simplest kind: for the pulmonary artery branches 
regularly; its successive branches run in straight lines, 
and do not anastomose; the capillary plexus is uniformly 
spread over the air-cells and intercellular passages; and 
the veins derived from it proceed in a course as simple and 
uniform as that of the arteries, their branches con\*erging 
but ^ot anastomosing. The veins have no valves, or only 
small imperfect ones prolonged»from their angles of junc- 
tion, and incapable of closing the orifice oi either of the 
veins between which they are placed. The pulmonary cir- 
culation also is unafiected by changes of • atmospheric 
pressure, and is not exposed to the influence of the pressure 
of muscles : the force by w'hich it is accomplished, and the 
course of the blood a/e alike simple. 

The blood which is conveyed to the lungs by the pul- 
monary arteries is distributed to these organs to be purified 
and made fit for the nutrition of ail other parts of the 
body. Tlie capillaries of the pulmonary vessels are ar- 
ranged solely wth reference to this object, and therefore 
can have but li|tle to do with the nutrition of the lungs ; 
or at least, only of those portions of the lungs with which 
they are in intimate connection for another piirpose. For 
the nutarition of the rest of the lun^, including the pleura, 
interlobular tissue, bronchial tubes and glands, and the 
walls of the larger blood vessels, a special supply of arterial 
blood is furnished through one or two bronchial arteries, 
the branches of which ramify in all these parts. The blood 
of the bronchial cartery, when, having served for the nutri- 
tion of these parts, it has become venous, Is carried partly 
into the branches of tlie bronchi^ vein, and thence to the 
auricle, and pst3^y«mto the 6malll)ranohes of the 
pulmonary artery, or, more directly, into file pulmonary 
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capillaries, whence, being with the rest of the blood arte- 
rialized, it is carried to the«pulmonary veins and left side 
of the heart. 

Changes of the Air in Resjnration. 

By their contact in the lungs the composition of both air 
and blood is changed. The alterations of the former being 
manifest, simpler than those of the latter, and in some 
degree illustrative of fliem, may be considered first. 

The atmosphere we breathe has, in every situation in 
which it has been examined in its natural state, a nearly 
uniform composition. It ib a mixture of oxygen, nitrogen, 
carbonic acid, and watery vapour, with, commonly, traces 
of other gases, as ammonia, sulphuretted hydrogen, etc. 
Of every loc volumes of pure atmosplierie air, 79 volumes 
(on ah average) consist of nitrogen, the remaining 21 of 
oxygen. The proportion of carbonic acid is extremely 
small; 10,000 volumes of atmosph&ric air contain only 
about 4 or 5 of carbonic acid. 

The quantity of watery vapour varies greatly, according 
to the temperature and other circumstances, but the at- 
mosphere is never without some. In this country, the 
average quantity of watery vapour in the atmosphere is 
I *40 per cent. 

The changes produced by respiration on the atmospheric 
air are, that, 1, it is jj^med; 2, ite 
ojeaafid; 3, ife p^ge^ A 4i 

is m^es^ed ; 5, a miiute amount of prganio matter and o£ 
free ammonia, is 

1. The expired air, heated by its contact with the in- 
of the lungs, is (at least in most climates) hotter 
than the inspired afr* Its temperature varies be^een 07 ® 
99 J®, tlm ^^lower temperature being; observed "Vhen 
the air has remahusd but a shi^ time in the lungs^ rather 
than when it is* inhaled at a vary low temperature; for 
whatever the temperature when inhaled may be, the air 
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nc^arly acquires that of the blood before it is expelled from 
the chest. • 

2. The carbonic ajcid in respired air is always increased ; 
but^the quantity exhaled in a given time is subject to 
change from various circumstances. From every volume 
of air inspired, about 4^ per cent, of oxygen are abstracted ; 
while a rather smaller quantity of carbonic acid is added 
in its place. It may be stated, as a general average 
deduced from the results of experiments by Valentin and 
Brunner, that, under ordinary circumstances, the qdantity 
of carbonic acid exhaled into the air breathed by a healthy 
adult man amounts to 1346 Cubic inches, or about 636 
grains per hour. According to this estimate, which cor- 
responds very closely with the one furnished by Sir H. 
Davy, and does not widely differ from those* obtained by 
AUen and Pepys, Lavoisier, and Dr. Ed. Smith, the weight 
of carbon excreted from the lungs is about 173 grains per 
hour, or rather more tVan 8 ounces in the course of twenty- 
four hours. Discrepancies in the results obtained by 
different experimenters may be dde to the variations to 
which the exhalation of carbonic acid is liable in different 
circumstances ; for even in health the quantity varies accord- 
ing to age, sexj^ diversities in the respiratory movements, 
.extern^ temperature, the degree of purity of the respired 
air, and other 'circumstances. Each of these deserves a 
brief notioe, because it affords evidence concerning either 
the sources of carbonic acid exhaled, or the mode in virhich 
it is separated from the blood. 

a. Influence of Age and <-AcGordmg to Andral and 
Qavarret the quantity of carbonic acid exhaled into tlie 
air breathed by males, regularly increases from eight to 
thirty ye^s of age ; from thirty to forty it is stationary 
or diminishes a little ; from forty to fifty *the diminution is 
greater ; and from fif^ to eactreme age W ^oes on diminish- 
ing, till it scarcely ^cfieds the quantity Exhaled at ten 
years old. In females (in whom the quantity exhalied is 
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always less than in males of the same age) the same 
regular increase in quantity goes on from the eighth year 
to the age of puberty, when the quantity abruptly ceases 
I to increase, and remains stationary so long as they con- 
{tinue to menstruate. When, however, menstruation has 
ceased, either in advancing years or in pregnancy, or 
Imorbid amenorrhoea, the exhalation of carbonic acid again 
''augments; but when menstruation ceases naturally, it 
, soon decreases again at the same rate that it does in old 
men. ‘ 

b. Influence of Respiratory Movements , — According to 
Vierordt, the more quickly the movements of respiration 
are performed* the smaller is the proportionate quantity 
of carbonic acid contained in each volume of the expired 
air. Thus he found that, with six respirations per minute, 
the quantity of expired carbonic acid was 5*528 per cent. ; 
with twelve respirations, 4*262 per cent. ; with twenty- 
four, 3*355 ; with forty-eight, 2*984; and with ninety-six, 
2*662. Although, however, the proportionate quantity of 
carbonic acid is thus diminished during frequent respira- 
tion, yet; the absolute amount exhaled into the air within a 
given time is incretised thereby, owing to the larger 
quantity of air which is breathed in the time. This is 
the case, whether the resi)iration be voluntarily accelerated, 
or naturally increased in frequency, as it is after feeding, 
active exemse, etc. By diminishing the frequen<^, and 
; increasing the depth of respiration, the per^centage pro- 
portion of cai^bonic acid in the expit^d air is diminished ; 
being in the deepest respiration as much as i *9/ per cent, 
less than in ordinary breathing. But for this proportionate 
diminution also, there is a full compensation in the greater 
tc4al volume of air which is thulsi breathed. Finally, the 
last half of a vpl^e of expired air contains more carbonic 
acid than the half ^ first expiri^d ; a circumstance which is 
liai^lalned by ^the one portion^ bf air coming from the 
romote part of the lungs, whein it has been in more 
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immediate and prolonged contact with the blood than the 
other has, which comes chie:^ from the larger bronchial 
tubes. 

c. Influence of external Temperature » — The observations 
made by Vierordt at various temperatures between 38° F. 
and 75° F. show, for warm-blooded animals, that within 
this range, every rise equal to lO° F. causes a diminution 
of about two cubic inches in the quantity of carbonic 
acid exhaled per minute. Letellier, &om experiments 
performed on animals at much higher and lower tempera- 
tures than the above, also found that the higher the tempe- 
ture of the respired air (as far as 104° F.), the less is the 
amount of carbonic acid exhaled into it, whilst the nearer 
it approaches zero the more does the carbonic acid increase- 
The greatest quantity ^exhaled at the lower temperatures he 
found to be about twice as much as the smallest exhaled at 
the higher temperatures. 

d. Season of the Year, — Dr. Edward Smith has shown 
t^ t the season of the year, independently of temperature, 
also materially influences the respiratory phenomena ; for 
with the sabae temperature, at different seasons, there is a 
great divetsity in the amount of carbonic acid expired. 
According to his observations, spring is the season of the 
greatest, and autumn of the least activity of the respiratory 
and other functions. 

e. Purity of the Respired Air. — The average quantify of 

carbonic acid given out by the lungs constitutes about 4*48 
per cent, of £he expired air ; but if the air which is breathed 
^ l>e^ pirevioual impregnated with carbonic acid (as is the case 
Iwhen the same air is frequentfy respired), then the quantify 
!of carbpnip. Jfecid „ exhaled ,,bop9Pii®8 less. This is 

ewim by the results of two experiments performed by 
Allen and Pepys. In one, in which fresji aif was taken in 
at' each respiration, thirty-two cubic inches of carbonic acid 
were exhaled in a minute ; whilst in the either, in which the 
same air was respired xept^tedly, the .quantity of cubonic 
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acid emitted in the same time_wa8 wly 9*5 cubic inches. 
They foimd also that, however often the same air may be 
respired, even if until it will no longer sustain life, it does 
not become charged with more than ten per cent, of carbonic 
acid. The necessity of a constant supply of fresh air, by 
means of ventilation, through rooms in which many persons 
are breathing together, or in which, from any other source, 
much carbonic acid is evolved, is thus rendered obvious ; 
for even when the air is not completely irrespirable, yet in 
the same proportion as it is already charged with carbonic 
a(ud, does the further extrication of that gas from the lungs 
suffer hindrance. ^ ^ 

/. Hygrometric State of Atmosphere. — Lehmann’s observa- 
tions have shown that the amount of carbonic acid exhaled 
j^considerably influenced by the degree? of moisture of the 
atmosphere, much more being given off when the air i^ 
moist than when it is dry. 

g. Period of the Day. — Thepe^iod ofjiap seems to exercise 
a slight influence on the amount of carbonic acid exhaled 
in a given time, though ^beyond the fact that the quantity 
exhaled is much less bj night, we are scarcely yet in a posi- 
tion to state that variations in the amount exhaled occur at 
uniform periods of the day, independently of the influence 
of other dretimstances. 



Food.-— By the /c od the quantitjr is increased, 

it. by frusting Jt is diminished : and, according to Keg- 


nault imd Keiset, it is.^eater when animals are fed qnfari- 


naceois food tl^ when fed on meat. Spirituous drinks, 
especially when taken on an empty stomach, are generally 


believed to produce an immediate and marked <Uminution 
in the quantity of this gas exhaled. Recent observations 
by Dr. Edward Smith, however, furnish some singular re- 


sults on this subjpct. Dr. Smith found, for example, that 
the effects produced by spirituous drinks depend much on 
the kind of drink, taken. Pute alcohol /tended rather to 
increase than toiesi^n respiratory changes, and the amount, 
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therefore, of carbonic acid expired : rum, ale, and porter, 
also sherry, had very similar effects. On the other hand, 
brandy, whisky and gin, particularly the latter, almost 
always lessened the respiratory changes, and consequently 
the amount of carbonic acid exhaled. 

i. Exercise and Sleep. — Bodily exercise^ in moderation, in- 
creases the quantity to about one-third more than it is 
during rest; and for about an hour after exercise, the volume 
of the air expired in the minute is increased about 1 1 8 
cubic inches : and the quantity of carbonic acid about 7-8 
cubic inches per minute. Violent exercise, such as full 
labour on the treadwheel, still further increase, according 
to Dr. E. Smith, the amount o? the acid exhaled. 

, During sleep^ on the other hand, there is a considerable 
1 diminution in the qua^itityof this gas evolved; a result pro- 
bably in great measure dependent on the Ixanquillity of 
breathing : directly after walking, tliere is a great, though 
quickly transitory, increase in the amount exhaled. A 
larger quantity is exhaled when the barometer is low than 
when it Is high, 

3. The Oxygen in respired Air is always less than in the 
same air before respiration, and its diminution is generally 
proportionate to the increase of the carbonic acid. The 
experiments of Valentin and Brunner seem to show, that, 
'^for every ..yolume of carbonic acid exhaled into the air, 
r 1 742 1 volumes of oxygen are absorbed from it: and 
' that when the average quantity of carbonic acid, i.e.y 1 346 
cubic inches, or 636 grains, is exhaled in the hour, the 
quantity of oxygen absorbed in the same time is 1 5 84 cubic 
inches or 542 grains. According to this estimate, there is 
more oxygen absorbed than is exhaled with carbon to form 
carbonic acid without change of volume ; and to this general 
conclusion, namely, that the volume of air expired in a 
given time is less than that of the ak inspired (allowance 
being made for the e:i^ansion in being heated), and that 
the loss is due to a po^on of oxygen absorbed and not 
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returned in the exhaled carbonic acid, all observers agree, 
though as to the actual quantity of oxygen so absorlJed 
they differ even widely. 

The quantity of oxygen that does not combine with the 
carbon given off in carbonic acid from the lungs, is probably 
disposed of in forming, some of the carbonic acid and water 
given off from the lakin, and in combining with sulphur and 
^phosphorus to form part of the acids of the sulphates and 
phosphates excreted the urine, and probably also, from 
the experiments of Dr. Bence Jones, with the nitrogen of 
the decomposing nitrogenous tissues. I 

The quantity of oxygen^ consumed seems to vary much, 
not only in different individuals, but in the same individual 
at different periods ; thus it is considerably influenced by 
food, being ^eater in dogs when fed on farinaceous than 
on animal food, and much diminished during fasting, while 
it varies at different stages of digestion. Animals of small 
size consume a relatively much greater amount of oxygen 
than larger ones. The quantity of oxygen in the atmosphere 
surrounding animals, appears to have very little influence 
on the amount of this gas absorbed by them, for the quan- 
tity coniiumed is not greater even though an excess of 
oxygen be added to the atmosphere experimented with 
(Kegnault a^id Reiset). 

The Nitrogen of the Atmosphere, in relation to the respira- 
tory process, is supposed to serve only mechanically, by 
dilu tmg th e o^ gen, and moderating its action upon the 
system/ This purpose, or the mode of expressing it, has 
been denied by Liebig,, on the ground that it we suppose 
the nitrogen removed, the amount of oxygen in a given 
space would not be altered. Bdt, although it be true that, 
if all the nitrogen of the atmosphere were removed and 
not replaced by fny other gas, the oxygen might still 
extend over the ^whble space at present occupied by the 
^Wxture of which the atmos]^here is composed ; yet since, 
^der ordinary sircuijjLstances, oxygen and nitrogen, when 
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mixed together in the ratio_ of one volume to four, produce 
a mixture which occupies precisely five volumes, with all 
the properties of atmospheric air, it must result that a 
given volume of atmosphere drawn into the lungs con- 
tains four-fifths less weight of oxygen than an equal 
volume composed entirely of oxygen. The greater rapidity 
and brilliancy with which combustion goes on in an atmo- 
sphere of oxygen than in one of common air, and the 
increased rapidity with which the ordinary effects of 
respiration are produced when oxygen instead of atmo- 
spheric air is breathed, seem to leave no doubt that the 
nitrogen with which the oj^gen of the atmosphere is 
mixed has the effect of diluting this gas, ip the same sense 
and degree as one part of alcohol is diluted when mixed 
with four parts of water. ^ 

It has been often discussed whether nitrogen is ever 
absorbed by or exhaled from the lungs during respiration. 

At present, all that can be said on the subject is that^ 
under most circumstances, animals appear to expire a very 
small quantity above that which.exists in the inspired air. 
During prolonged fasting, on the contrary, a small quantity 
appears to be absorbed. 

4. Watery Vapour is, under ordinary circumstances, 
always exiialed from the lungs in breathing. The quan- 
tity emitted is, as a general rule, sufficient to saturate the 
expired> air, or very nearly so. Its absolute amount is, 
tlierefore, influenced by the following circumstances^. 
by the quantity of air respired ; for the greater this is, tlie 
greater ^sq^will be the quantity of moisture exhaled. 
Secondly, by quantity of watery vapour contained in 
the air previous to its being inspired ; because the greater, 
tliis is, th^ less wiU be the amount required to complete 
the saturSition of the air. Thirdly, byAhe temperature Of 
the expired air ; for the high^ this is, the greater will be 
the quantity of watery vapour required to saturate the 
air. Fourthly, by the .l^gth of titiaO wHich each volume 
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of inspired air is allowed to remain in the lungs ; for it 
seems probable that, although^ during ordinary respiration 
the expired air is always saturated with -watery vapour, 
yet when respiration is performed very rapidly the air has 
scarcely time to be raised to tlie highest temperature, or be 
fully charged with moisture ere it is expelled. 

For ordinary cases, however, it may be held that the 
expired air is saturated with watery vapour, and hence is 
derivable a means of estimating the quantity exhaled in 
any given time : namely, by subtracting the quantity con- 
tained in the air inspired from the quantity which (at the 
barometric pressure) would /saturate the same air at the 
temperature of expiration, which is ordinarily about 99°. 
And, on the other hand, if the quantity of watery vapour 
in the expired^ air be estimated, the quantity of air itself 
may from it be determined/ being as much as that quantity 
of watery vapour would saturate at the ascertained tem- 
perature and barometric pressure. « 

The quantity of water exhaled from the lungs in twenty- 
four hours ranges (accor^ng to the various modifying cir- 
cumstances already mentioned) from about 6 to 27 ounces, 
the ordinary quantity being about 9 or 10 ounces. Some 
of this is probably formed by the combination of the excess 
of oxygen absorbed in the lungs with the hydrogen of the 
blood ; but the far larger proportion of it must be the mere 
exhalation of the water of the blood, taking plhce from the 
surfaces of the air-passages and cells, as it does from the 
free surfaces of all moist animal membranes, particularly 
at the high temperature of warm-blooded animals. It is 
exhaled from the lungs whatever be the gas respired, con- 
tinuing to be expelled even in hydrogen gas. 

5. The Rev. J. B. Beade showed, some yeaw ago, and 
Br. Richardson’s experiments confirm the &ct/^t}^at am- 
ipqipua is among ihe ordinary constituents of expired air. 
l^iseems probable, thowever, both $fom the &ct that this 
ij^bstanoe cannot be always detected, and from its minute 
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amount when present, that the whole of it may be derived 
from decomposing particles of food left in tlie mouth, or 
from carious teeth or the like ; and that it, is, therefore, 
only an accidental constituent of expired air. 

The quantity of organic matter in the breath has been 
lately investigated by Dr. Kansome, who calculates that 
about 3 grains arc given off from the lungs of an adult in 
twenty-four hours. 

Changes produced in the Blood by Respiration, 

The most obvious change which the blood underigoes in 
its passage through the lungs^ is that of colour ^ the dark 
crimson of venous blood being exchanged for the bright 
scarlet of arterial bipod. (The circumstances which have 
been supposed to giro rise to this change, the conditions 
capable of effecting it independent of respiration, and some 
other differences between arterial and venous blood, were 
discussed in the chapter on Blood, p. 85) : — 2 nd, and in 
connection with the preceding change, it gains oxygen; 
3rd, it loses carbonic acid; 4<A,^it becomes i® or 2° F. 
warmer; 5^/1, it coagulates sooner and more hrmly, and, 
apparently, contains more fibrin. 

The oxygen absorbed into the blood from the atmospheric 
air in the lungs is combined chemically with the haemo- 
globin of the led blood corpuscles. ' In this condition it is 
carried in fhe arterial blood to the various parts of the 
body, and with it is,^ in the capillary system of vessels, 
brought into near relation or contact with the elementary 
parts of the tissues. Herein co-operating probably in the 
process of nutrition, or in the removal of disintegrated 
parts of the tissues, a certain portion of* the oxygen which 
the arterial blood contains disappears, and a proportionate 
quantity;6f carbonic acid and water is formed. 

But it is not alone in the disintegrating processes to 
which all parts of the body ore liable, that oxygen is , con- 
sumed aad carbonic a<^ and wat$^ are formed in iis 
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consumption. A like process occurs in the blood itself, 
independently of the decay of the tissues ; for on the 
continuance of e(ii.ch chemical processes depend^ directly 
or indirectly^ not only the temperature of the bo^dy, but 
all the forces, the nervous, the muscular, and others, 
manifested by the living organism. 

The venous blood, containing the new-formed carbonic 
add, returns to the lungs, where a portion of the carbonic 
acid is exhaled, and m fresh supply of oxygen is again 
taken in. 

Mechanism of Vuriom Respiratory Actions, 

It will be well here, perhaps, to explain some respiratory 
acts, which appear at first sight somewhat complicated, 
but cease to be so when the mechanism by which they 
are performed is clearfy imderstood. The accompanying 
diagram (fig. 65) shows that the cavity of the chest is 
separated from that of the abdomen by the diaphragm, 
which, when acting, w|U lessen its curve, and thus de- 
scending, will push downwards and forwards the abdominal 
viscera; while the abdominal muscles have the opposite 
effect, and in| acting will push the viscera upwards and 
backward, and with them the diaphragm, supposing its 
ascent to be not from any cause interfered, with. From 
the same diagram it will be seen that the lungs communi- 
cate with* the exterior of the body through the glottis, and 
further on through the mou^ and nostrils -y through 
either of them separately, or through both at the same 
time, acWding to the position of the soft palate. The 
stomach oommumcates with the exterior of the body 
through the oesophagus, pha^mx, and mputh; while 
below, the rectum, opens at the anus, and the bladder 
through the uretbr^ All these openings, through which 
riio hollow viscera «»communioate wjth the exterior of the 
^^pdy, axe giiarddd by muscles, called sphincters, which can 
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indepetidenlily of each other. The position of the latter 

is indicated in the diagram. 

Let us take Pm. 6 k. 

first the simple 
act of sighing. 

In this case 
there is a rather 
l)rolonged in- 
spiratory efibrt 
by the dia- 
phragm and 
other muscles 
concerned in 
inspiration; 
the' air almost 
noiselessly pas- 
sing in througli 
the glottis, and 
by the elastic 
recoil of the 
lungs and chest- 
walls, and pro- 
bably also of 
the abdominal 
walls, being 
rather suddenly 
expelled again. 

Now, in the first, or in^iratory part of this act, the 
descent of the diaphragm presses the abdominal viscera 
downwards, and of course this pressure tends to' evacuate 
the contents of such as communicate with the exterior of 
the body. Inasmuch, however, as their various openings 
are guarded by splhincter muscles, in h. state of constant 
tonic contraction, there is no escap# of their contents, 
and air simply enters theJiings, iln ^e gecond, ’or sonpira- 
torp part of the act of sigmng, there is also pressure maSlc 
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on the abdominal viscera in the opposite dii*ection, by the 
elastic or muscular recoil of the abdominal walls ; but the 
pressure is relieved by the escape of air through the open 
glottis, and the relaxed diaphragm is pushed up again into 
its original position. The sphincters of the stomach, 
rectum, and bladder act as before. 

Hiccough resembles sighing in that it is an inspiratozy 
act, but the inspiration is sudden instead of gradual, from 
die diaphragm acting nuddenly and spasmodically ; and the 
air, therefore, suddenly rushing through the unprepared 
rima glottidis, causes vibration of the vocal cords, and ,thc 
peculiar, sound. u 

In the act of •coughing^ there is most often first an in- 
spiration, and this is followed by an expiration ; but when 
the lungs have been filled by the preliminary inspiration, 
instead of the air being easily let out again through 
the glottis, , the latter is momentarily closed by the 
approximation of the vocal cords; ahd then the abdo- 
minal muscles, strongly acting, ,, push up the viscera 
against the diaphragm, cand Ipake pressure on the 
air in the lungs until its is sufficient to burst 

open noisily the vocal cords wloRi oppose its outward pas- 
sage. In this Way a considerable force is exercised, and 
mucus or |ny other matter that may need expulsion from 
the longs o^, jtrachea is quichly and sharply expelled by 
the out-streaming current of air. 

Now it ' is evident on reference to the diagram (fig. ^5), 
that pressure exercised by the abdominal muscles in the 
act of coughing, acts as forcibly on the abdominal viscera 
as on the lungs, inasmuch as the viscera form the medium 
by which the upward pressure on the diaphragm is made, 
and of necessity there is qtdte as great a tendency to the 
expulsion of their contents as of the air in tlie lungs. 
The instinctive ahd, if necessary, voluntarily increased 
(^ntraction of ihi^ sphinctmrs, however, ' prevents any 
Ji|cApe at the openings guarded by them, and the pres- 
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sure is effective at one .part only, namely, the rima 
glottidis. 

The same remarks that apply to coughing, are almost 
exactly applicable to the act of sneezing; but in this in- 
stance the blast of air, on escaping from the lungs, is 
directed by an instin ctive contraction of the pillars of the 
fauces and descent of the soft palate, chiefly through the 
nose, and any offending matter is thence expelled. 

In the act of vomiting^ as in coughing, tliere is first an 
inspiration ; the glottis is then, closed, and immfdiately 
afterwards the abdominal muscles strongly act ; but here 
occurs the difference in the iwo actions. . Instead of the 
vocal cords yielding to the action of the abdominal mus- 
cles, they remain tightly closed. Thus the diaphragm 
being unable to go u^, forms an unyielding surface against 
wliich the stomach can be pressed. It is fixed, to use a 
technical phrase. At the same time the cardiac sphincter 
being relaxed while* the pylorus ip closed (see fig. 65), and 
the stomach itself also contracting, the action of the abdo- 
minal nxuscles, by these means assisted, expels the contents 
of the organ through the oesophagus, pharynx, and mouth. 
The reversed peristaltic action of the oesophagus probably 
increases the effect. 

In the act of voluntary expulsion of urine or fsoces, 
there is first an inspiration, as in coughing, sneezing, and 
vomiting; the glottis is then closed, and the diaphragpm fixed 
as in vomiting. Now, however, both the rima glottidis and 
the cardiad opening of the stomach remain closed, and the 
sphincter of the bladder or rectum, or of both, being re- 
laxed, the evacuation of the contents of these viscera takes 
place accordingly ; the effect being, of course, increased by 
the muscular and elastic contraction of their own walls. 
As before, there is as much tendency to the escape of 
the contents of the lungs or stomach as of the rectum or 
bladder; but the pressure is relieved bnly at the orifice, 
the sphincter of which inactively or involuntarily yields. 
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In all these expulsive actions the diaphragm is quite 
passive; and when it is fifoed, it is in consequence of 
the closure of the glottis (which by preventing the exit of 
air &om the lungs prevents its upward movement), not 
from any exertion on its own part. 

In females, during parturition, almost an exactly similar 
action occurs, so far as the diaphragm and abdominal 
walls are concerned, to that which takes place in a strain- 
ing effort at expulsion^ of urine or faeces. The contraction 
of they uterus, however, is both relatively and absolutely 
more powerful than that of the bladder or rectum, althoi^igh 
it is greatly assisted by the inspiratory effort, by the fixing 
of the diaphragm, and by the action of the abdominal 
muscles, as in the other acts just described. In parturi- 
tion, as in voQiiting, the action of the abdominal muscles 
Is, to a great extent, involuntary— more so than it com- 
monly is in the expulsion of feces or urine; but in these 
latter instances also, in cases of great 'pain and difficulty, 
it may cease to be a voluntary act, and be quite beyond 
the control of the will. « 


In speaking f there is a voluntaiy expulsion of air through 
the glottis by means of the abdominal muscles ; and the 
vocal cords are put, by the muscles of the larynx, in a 
proper position and state of tension for vibrating as the 
air passes over them; and tl||us producing, sound. The 
sound is moulded into words the tongue, teeth, lips, 
etc. — ^the vocal coi^ds producing me sound only, and having 
nothing to do with articulation. 

Singing resembles speaking in the manner of its pro- 
duction ; the laijngeal inu scles. by variously altering the 
position and degree of tension of the vocal cords, pro- 
ducing the different notes. li^^ordB used in the act of 
singing are of coarse firamed, as in speaking, by the 
tongue, teeth, lips, etc. 


Sniffing is produced by a someTshat quick action of the 
aj^faragm and other, inspiratory muscles. The mouth is 
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liowever, closed, and by these means the whole stream of 
air is made to enter by the nostrils. The aim nasi are, 
commonly, at the same time, instinctively dilated. 

Sucking is not properly a respiratory act, but it may be 
most conveniently considered in this place. It is caused 
chiefly by the depressor muscles of the os hyoidcs. These, 
}>y drawing downwards and backwards the tongue and 
floor of t]ie mouth, produce a partial vacuum in the latter ; 
and the w^eight of the atmosphere then acting on all sides 
tends to produce equilibrium on the inside and outside of 
tlie mouth as best it may. The communication between 
tlie^ mouth and pharynx is completely shut off, probably 
by the contraction of the pillars of the soft palate and 
descent of the latter so as to touch the back of the tongue ; 
and the equilibrium, tRerefore, can be restored only by the 
entrance of something through the mouth. The action, 
indeed, of the tongue and floor of the mouth in sucking 
may be compared to that of the piston in a syringe, and 
the muscles which puU down the os hyoides and tongue, 
to the power which draws the handle. 

In the preceding account of respiratory actions, the 
diojilirngm and abdominal muscles have been, as the chief 
muscles engaged and for the sake of clearness, almost alone 
referred to. But, of course, in all inspiratory actions, the 
other muscles of inspiration (y, 195) are also more or less 
engaged; and in esrpiratif^, the abdominal muscles are 
assisted by others, previously enumerated (p. 199) as 
grouped in action with them. 

Influence of the Nervous System in Bespiration, 

Like all other functions of the body, the discharge of 
whi(di is necessary to life, respiration must be essentially 
an involuntary act. Else, life would be in«constant danger, 
and would cease on the loss of consciousness for a few 
moments, even in sleep.# But it is alsft necessary that 
respiration should be to some extent under *the control of 
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the will. For were it not so, it would he impossible to 
perform those voluntary respiratory acts which have been 
just enumerated and explained, as speaking, singing, 
straining, and the like. 

The respiratory movements and their regular rhythm, 
so far as they are involuntary and independent of con- 
sciousness (as on all ordinary occasions they are), seem to 
be un^er the absolute governance of the inedulla, oblon- 
gata, which, as a nervous centre, receives the impression 
of the ** necessity of breathing,*’ and reflects it to the 
phrenic and such other motor nerves as will brings into 
co-ordinate and adapted action the muscles necessary to 
inspiration. 

In the cases of voluntary respiratory acts, w'e may 
believe thatr the brain, as well as \ihe medulla oblongata, 
is engaged in the process ; for we have no evidence of tlie 
mind exercising either perception or will through any 
other organ than the brain. But even when the brain 
is thus ill action, it appears to be the medulla oblongata 
which combines the ^several respiratory muscles to act 
together. In such acts, for example as tliose of cough- 
ing and sneezing, the mind flrst perceives the irritation at 
the lajynx or nose, and may exercise a certain degree of 
will in determining the actions, as in the taking of 
the deep inspiration which always precedes; them. But the 
mode in which the acts are performed, and tlie combi- 
nation of muscles to effect them, are determined by the 
medulla oblongata, independently of the will, and have 
the peculiar character of reflex involuntary inovements, in 
} being always, and without practice or experience, precisely 
adapted to the end or purpose. 

In these, and in all the other extraordinary respiratory 
actions, such as are seen in dyspnoea, or in straining, 
yawning, hiccough, and others, the medulla oblongata 
brings into adapted comhinatien of action many other 
inuscles besides those commonly exerted in respiration. 
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Almost all the musdles of the body, in violent efforts of 
dyspnoea, coughing, and the* like, may be brought into 
tiction at once, or in quick succession^ but more particu- 
larly the muscles of the larynx, face, scapula, spine, and 
abdomen co-operate in these efforts with the muscles of the 
chest. These, therefore, are often classed as secondary 
muscles of respiration; and the nerves supplying them, 
including especially the facial pneumogastric, spinal, 
accessory, and external respiratory nerves, were classed 
by ,Sir Charles Bell with the phreiuc, as the respiratory 
system of nerves. There appears, however, no propriety in 
making a separate system of thfese nerves, since their mode 
of action is not peculiar, and many besides them co- 
operate in the respiratory acts. That which is peciiliar 
in the nervous influence, directing the extraordinary move- 
ments of respiration, is, that so many nerves are com- 
bined towards one purpose by the power of a distinct 
nervous centre, the medulla oblongata. In other than 
respiratory movements, these nerves may act singly or 
together, without the medulla oblbngata; but after it is 
destroyed, no movement adapted to respiration Can be per- 
formed by any of the muscles, even though the part of the 
spinal cord £(^m which they arise be perfect. The phrenic 
nerves, for example, are unable to excite respiratory move- 
ment of the diaphragm when their, connection with the 
medulla oblongata is cut off, though their connection with 
the spinal cord may be uninjured.* 

Effects of the Suspension and Arrest of Bespiration, 

These deserve some consideration, because of the Ulustra*'; 
tion which they afford of the nature of the normal processes 
of respiration and circulation. When the process of respi- 
ration 18 stopped, either by arresting the Respiratory move- 

* The influence of the nervous system in respiration will be again 
and more particulary considered iti tlie section treating of the medulla 
oblongata and pneumogastric nerves. 
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inents, or permitting* them to continue in an atmosphere 
deprived of uneombined oxygen, the circulation of blood 
through the lungs is retarded, and at length stopped, Tliti 
immediate effect of such retarded circulation is an obstruc- 
tion to the exit of blood from the right ventricle : this is 
followed by delay in the return of venous blood to tlie heart ; 
and to this succeeds venous congestion of the nervous centres 
and all the other organs of the body. In such retardation, 
also, an unusually ^mall supply of blood is transmitted 
through the lungs to the left side of the heart ; and this 
small quantity is venous. 

The condition, then, in Svhich a suffcHiated, or asphyxi- 
ated animal dies is, commonly, that the left side of the 
heart is nearly empty, while the lungs, right side of tlie 
heart, and bther organs, are gorged with venous blood. 
To this condition many things contribute. The ob- 

structed passage of blood through the lungs, which appears 
to be the first of the events leading to suffocation, seems 
to depend on the cessation of the interchange of gases, ns 
if blood charged with barbonic aedd could not pafij«?,^freely 
through the pulmonary capillaries. But the stagnation of 
blood in the pulmonary capillaries would not, perliaps, be 
enough to stop entirely the circulation, imli^ss the action 
of the heart W’ere also weakened. Therefore, 2ndhj^ tlie 
fatal result is probably due, ia some measure, to the' 
enfeebled action of the right side of the heart, in conse- 
queince^f its over-disteibsion by blo6d continually flowing 
into it ; this flow, probably, being much increased by the 
powerftil but fruitless efforts continually made at inspira- 
tion (Eccles). And becauseof th§,jab®fe?ctio at the 
right side of the heart, there must be yenou^ congestion in 
the medulla ohlongata and nervous centres : and this evif is 
augmented by ftie left venWde receiving and propelling 
none but venous blood. Hence, slowness and disorder of the 
respiratory mpvements and of thfe movements of the heart 
may be added. Under all these conditions combined^ the 
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heart at length ceases to act; the cessation of its action 
being also in great measure, prj^bably, brought about, ^ihhj^ 
by gie impe rfect ojjJgGi^ated bl^d toits muscular 

tissue. ' 

In some experiments performed by a committeo ap- 
pointed by the Medico-Chimrgical Society to investigate 
tiie subject of Suspended Animation, it was found that, in 
the dog, during simple apnoea, i.e,, simple privation of air, 
as by plugging tlie trachea, the average duration of tlie 
respiratory movements after the animal had been deprived 
of air, was 4 minutes 5 seconds; the extremes being 
3 minutes 30 seconds, and 4, minutes 40 seconds. The 
average duration of the hearths action, on the other hand, 
was 7 minutes 1 1 seconds ; the extremes being 6 minutes 
40 seconds, and 7 mhiutes 45 seconds. It, would seem, 
tliorefore, that on an average, the heart’s action continues 
for 3 minutes 15 seconds after the animal has ceased to 
make respiratory efforts. A very similar relation was ob- 
served in the rabbit. Recovery never took place after the 
heart’s action had ceased. , 

The results obtained by the committee on the subject of 
drowning were very remarkable, especially in this respect, 
tliat whereas an animal may recover, after simple depriva- 
tion of air for nearly four minutes, yet, after submersion in 
water for ij minutes, recovery seems. to be impossible. 
This reiufirkable difference was found to be due, not to the 
mere submersion, nor directly to the sti’uggles of the 
animal, nor to depression of temperature, but to the two 
facts, that in drowning, a free passage is allowed to air out 
of the lungs, and a free entrance of water into them. In 
proof of the correctness of tliis explanation it was found 
that when two dogs of the same size, one, however, having 
his windpipe plugged, the other not, were aubtnerged at 
the same moment, and taken out after being under water 
for 2 minutes, the former recovered on removal of the plug, 
the latter did not. It is probably to the ejftraace of water 
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into the lungs that the speedy death in drowning is mainly 
due. The results of examination strongly sup- 

port this view. On examining the lungs of animals deprived 
of air by plugging the trachea, they were found simply 
congested ; but in the animals drowned, not only was the 
congestion much more intense, accompanied with ecchy- 
mosed points on the surface aud in the substance of the 
lung, but the air tubes were completely choked up with a 
sanioiis foam, consulting of blood, water, aud mucus, 
churned up with the air in the lungs by the respiratory 
efforts of the animal. The lung-substance, too, appeared 
to be saturated and sodden with water, which, stained 
slightly with bljood, poured out at any point where a section 
was made. The lung thus sodden with water was heavy 
(though it floated), doughy, pitted •on pressure, and was 
incapable of collapsing. It is not difficult to understand 
how, by such infarction of tlie tubes, air is debarred 
from reaching the pulmonary cells: indeed the inability 
of the lungs to collapse on opening the chest is a j^roof 
of the obstruction which the froth occupying the air-tubes 
offers to the transit of air. The entire dependence of the 
early fatal issue,' in apnoea by drowning, upon the open 
condition of the windpipe, and its results, was also 
strikingly shown by the following experiment. A strong 
Jog had its windpipe plugged, and was then submerged in 
water for four minutes ; in three-quarters of a minute after 
its release it began to breathe, aud in four minutes had fully 
recovered! This experiiQent repeated with similar results 
on other dogs. When the entrance of water into the lungs, 
and its drawing up with the air into the bronchial tubes by 
means of the respiratory efforts, were diminished, as by 
rendering tlie animal inseneible by chlor<fform previously 
to immersion, and thus depri^g it of the power of making 
violent respiratory efforts, it was fouiid tjtiat it could bear 
immersion for a longer period without dying than when not 
thus rendered jnsensible. Probably to a like diminution 
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in the respiratory efforts, ,may also be ascribed the 
greater length of time persqns have been found to bear 
submersion without being killed, when in a state of in- 
toxication, i)oisoning by narcotics, or during insensibility 
from syncope. 

It is to the accumulation of carbonic acid in the blood, 
and its conveyance into the organs, that we must, in the 
first place, ascribe the phenomena of asphyxia. For when 
tills does not happen, all the other conditions may exist 
without injury ; as they do, for example, in hybernating 
warm-blooded animals. In these, life is supported for 
many months in atmospheres ip which the same animals, 
in their fuU activity, would be speedily suffocated. During 
the periods of complete torpor, their respiration almost 
entirely ceases j the hSart acts very slowly ai^ feebly ; the 
processes of organic life are all but suspended, and the 
animal may be with impunity completely deprived of atmo* 
spheric air for a considerable period. Spallanzani kept a 
marmot, in this torpid state, immersed for four hours iu 
rarbouic acid gas, without its suffering any apparent in- 
c'nnvenience. Dr. Marshall Hall kex)t a lethargic bat under 
water for 16 minutes, and a lethargic hedgehog for 22} 
minutes ; and neither of the animals appeared injured by 
the experiment. 


CHAPTER VIII. 

ANIMAL HEAT. 

The average temperature of the human body in those 
internal parts which are most easffy accessible, as the mouth 
and rectum, is from gS'S** F. • 

In different parts of the external surface of the human 
body the temperature vpries only to the extent of two or 
thi'ce degrees, when all ate alike protected from cooling 
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influences ; and the difference which under these circum- 
stances exists, depends chiefly upon the different degrees of 
blood-supply. In the arm-pit — the most convenient situa- 
tion, under ordinary circumstances, for examination by tlie 
thermometer — the average temperature is 98 ’6° F. 

The chief circumstances by wdiich the temperature of tlie 
healthy body is influenced are the following : — 

^e . — The average temperature of the new-born child is 
only about F. ab^e that proi^er to the adult^; and the 
difference becomes still more trifling during infancy and 
early childhood. According to Wunderlkdi, the temperature 
falls to the extent of about to F. from early infancy 
to j) liberty, and, by about the same amount li’om puberty to 
fifty or sixty years of age. In old age the temperature 
again rises, and approaches that of iiHfanciy. 

Although the average temperature of the body, however, 
is not lower than that of younger persons, yet tlie power of 
resisting cold is less in them — exposure to a low temperature 
causing a greater reduction of heat than in young peisons. 

The same rapid diminution of temperature was observed 
by M. Edwards in the new^-born young of most carnivorous 
and rodent animals when they were removed from the 
parent, the temperature of the atmosphere being betii een 
50® and 53 J® F. ; whereas, while lying close to the body of 
the mother, their temperature was only 2 or 3 degrees 
lower than hers. The same law applies to tho young of 
birds. Young feparrows, a week after they were hatched, 
had a temperati^e of 95® to 97®, wdiilo in tho nest ; but 
w^hen taken from it, their temperature fell in one hour to 
66i®, the temperature of the atmosphere being at the time 
62 It appears from his investigations, that in respect 
of the power of generating, heat, some Mammalia are born 
in a less developed condition than others; and tliat the 
young of dogs, cats, and rabbits, for example, are inferior 
tp the young of those animals wli^ch are not born blind. 
Tfhe need of external wwmth to keep up the temperature 
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of new-born children is well known ; the researches of 
Edwards show, that the want of it is, as Hunter Bugg0f5ted, 
a much more frequent cause of death in new-born children 
tlian is generally supposed, and furnisli a strong argument 
against the idea, that children, by early exposure to cold, 
can soon be liardeued into resisting its injurious inlluence. 

Sex , — The average temperature of the female would 
a2)pettr from observations by l)r. Ogle to be very slightly 
higher than that of tlio male. 

Period of the Day. — Tlie temperature undergoes a gradual 
alteration, to tCe extent of about I® to il‘’F..in the 'course 
of the day and night j the mmimum being at niglit or in 
the early morning, the maximum late in tlie afternoon. 

Exercise, — Active exercise raises the bJinperature of the 
body. Tliis may be ^)artly ascribed to the fact, that every 
muscular contraction is attended by the development of one 
or two degrees of heat in the acting muscle ; and that tlie 
lieat is increased according to the number and rapidity of 
these contractions, and is quickly dillused by the blood 
circulating from the heated museks. Possibly, also, some 
lieat may be generated in the various movements, stretch- 
ings, and recoilings of tlie other tissues, as the arteries, 
whose elastic walls, alternately dilated and contracted, may 
give out some heat, just as caoutchouc alternately stretched 
and recoiling becomes hot. But the .heat thus developed 
cannot be great. 

Moreover, the increase of temperature throughout the 
whole body, produced by active exercise, is but small ; the 
great appai*ent increase of heat depending, in a great 
measure, on the^ increased circulation and quantity of blood, 
and, therefore, greater heat, in parts of the body (as the 
skin, and especially the skin of tlie extremities), whidi, at 
the same time that they feel more acutdy than others any 
changes of temperature are, under ordinary conditions, by 
some degrees colder thou organs more cehtrally situated. 

That the increased temperature cif tiie skin during 
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exercise is not accompanied by a proportional increase of 
the lieat of other parts, which, are naturally much warmer, 
is well shown by some observations of Dr. J. Davy. 

CUmate and Season . — In passing from a temperate to a 
hot climate the temperature of the human body rises 
slightly, the increase rarely exceeding 2® to 3° F. In 
summer the temperature of the body is a little higher tlian 
in winter ; the difference amounting to from to F. 
(Wunderlich). 

Tlie^^ame effects are observable in alterations of tem- 
perature not depending on season or climate. 

Food and Drink . — The effi^ct of a meal upon the tempera- 
ture of a body is but small. A very slight rise usually occurs. 

Cold alcoholic drinks depress the temperaturo somewliat 
to F.). t Warm alcoholic drinkS, as well as warm tea 
and cofl’oe, raise the temperature (about J" F.). 

In disease th^ temperature of the body deviates from tlio 
normal standard to a greater extent tlian would be antici- 
pated from the slight effect of external conditions during 
health. Tims, in some (h'seases, as pneumonia and typhus, 
it occasionally rises as high as 106'* or F. ; and con- 
siderably Iiiglier temperatures have been hoted. In a case 
of malignant fever recently recorded by Mr. Norman Moore, 
the temperature in the axilla rapidly rose to 1 1 1° F. ; when 
ti^e patient died. The highest temperature recorded in a 
living man, II2‘S° F., was observed by Wunderlich, in a 
casf:! of idiopathic tetanus, at the time of death. In the 
morbus cmmlciiSj in which there is defective arterializatioii 
of the blood from malformation of the heart, the tem- 
perature of the body may be as low as 79® or 77 J'® ; in 
Asiatic cholera a thermometer placed in the mouth some- 
time rises only to 77° or 79® ; and in a case of tubercular 
meningitis, observed by Dr. Gee, the temperature of the 
r^um remairiod for hours at 79’4® P. 

, T’he temperature maintained by Mammalia in an active 
Sitlile of life, aecordincr to the tables of Tiedemann and 
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Hudolplii, averages I0I°. The extremes recorded by them 
were 96'^ and 106°, the former in the narwhal, the latter in 
a bat (Vespertilio Pipistrella). In birds, the average is as 
high as 107°; the highest temperature, 111*25°, being in 
the small species, the linnets, etc. Among reptiles. Dr. 
John Davy found,' that while tho medium they were in was 
75°, their average temperature was 82 -5®. As a general 
rule, their temperature, though it falls with that of the 
surrounding medium, is, in temperate media, two or 
more degrees higher ; and though it rises also with^hat of 
tlie medium, yet at very high degrees it ceases to do so, 
and remains even lower than J;hat of tho medium. Fish 
and Iiivcrtebrata i)resent, as a general rulo, the same tem- 
j)er:iture as tlio medium in which they live, whether that 
l»e high or low; oiily among fish, tlie tunjiy tribe, with 
strong hearts and red meat-Hke muscles, and more blood 
than the avei’age of fish have, are generally 7° warmer 
than the water around them. 

Tlie difference, tlierefore, between what are commonly 
called the warm- and tlie cold-bloeded animals, is not one 
of absolutely higher or lower temperature ; for the animals 
u liich to us, in a temperate climate, feel cold (being like 
the air or water, colder than the surface of our bodies), 
n ould, in an external temperature of 100°, have nearly the 
Slime temperature and feel hot to us. The real difference 
is, as Mr. Hunter expressed it, that what we call warm- 
blooded animals (birds and Mammalia), have a certain 

permanent heat in all atmospheres,” while the tempera- 
ture of the others, which we call qold-blooded, is variable 
with ever}' atmosphere. 

Tlie power of maintaining a uniform temperature, which 
Mammalia and birds possess, is combined with the want of 
power to endure such changes of temperature of their bodies 
as are harmless to the other classes ; and when their power 
of resissting change of temperature ceases; they suffer serious 
distui'baiices or die. 
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Sources and Mode of Production of Heat in the Body. 

In explaining the chemical changes eiVected in the pro- 
cess of respiration (p. 2 1 9), it was stated ^lat the oxygon 
of the atmosphere taken into the blood ||i coinfeined, in tlie 
course of the circulation, with the car]^n and the hydrogen 
of disintegrated and absorbed tissue'f^ and of certain ele- 
ments of food which have not been converted into tissues. 
That such a combination belween the ox3?'gen of the atmo- 
sphere 'and the carbon and hydrogen in the blood, is con- 
tinually taking place, is made certain by the fact, that a 
/larger amount of carbon and* hydrogen is constantly being 
added to the bl6od from the food than is required for the 
ordinary purposes of nutrition, and that a quantity of 
oxygen is also constantly being absorbed from the air in 
the lungs, of the disposal of which no account can be given 
except by regarding it as combining, for the most part, 
with the excess of carbon and hydrogen, and being excreted 
in the form of carbonic acid and water. lu other words, 
the blood of warm-blooded animals appears to be always 
receiving from the digestive canal and the lungs more 
carbon, hydrogen, and oxygen than are consumed in Iho 
repair of the tis-‘iues, and to be always emitting carbonic 
acid and water, for which there is no otlier known source 
than the combination of these elements.* By ^uich com- 
bination, heat is continually produced in the animal body. 
The same amount of heat will be evolved in the union of 
any given quantities of carbon and oxygen, and of hydrogen 
and oxygen, whether the combination be rapid and evident, 
as in ordinary combustion, or slow and imperceptible, in 
the changes which oc<j!ttr in the living body. And since 
the heat thus arising will be generated wherever the blood 

t 

* Some boat will al<<o he generate*! in the coinbiualion of j?vil|»hiu‘ nnd 
phosphorus with oxygon, to which refercxco has been uiaiU* q), 216),; 
but the amount thus produced is but small. 
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is (jarriod, every part of the body will be heated equally, or 
nearly so. • 

Tills theory, that the, maintenance of the temperature of 
tlie liviiig^’body depends on continual chemical change, chiefly 
by oxidation, of combustible materials existing in tlie tissues 
and ill the blood, has long been established by the demon- 
stration that the quantity of carbon and hydrogen which, 
in a given time, unites in the body with oxygen, is suffi- 
cient to account for the amount of heat generated in the 
animal within the same time : nfii amount capable of main- 
taining the temperature of the body at from 98-° to lOO®, 
notwithstanding a large loss by radiation and evaporation. 

Mniiy things observed in the econoniy and habits of 
animals are cxj)licable by this theory, and may here briefly 
1)0 quoted, although no longer re(|uired • as additional 
evid(uico for its truth. Thus, as a general rule, in the 
various classes of animals, as well as in individual ex- 
ami)los of each class, the quantity of heat generated in 
the body is in direct proportion to the activity of the 
respiratory xirocoss. The highest animal temi>erature, for 
example, IkS found in birds, in whom the function of 
respiration is most actively performed. In Mammalia, the 
] process of respiration is less active, and the average tem- 
perature of the body less, than in birds. In reptiles, both 
the respiration and the heat are at a much lower standard ; 
w'liile in animals below them, in which the function of 
respiration is at the lowest pqint, a power of producing 
heat is, in ordinary circumstances, hardly discernible. 
Among these lower animals, however, the observations of 
Mr. Newport supply confirmatory evidence. . He shows 
that the larva, in which the respiratory organs are smaller 
in comparison with the size of the body, has a lower tem- 
perature than the perfect insect. VolAnt insects have the 
highest .temperature, and tliey have always the largest 
respiratory organs and 4 )reathe. the greatest quantity of air; 
wiiile among terrestrial iuseots, those also produce the most 
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heat which have the largest respiratory organs and breathe 
the most air. During sleep, diybernation, and other states 
of inaction, respiration is slower or' suspended, and the 
temperature is proportionately diminished ; w'liile, on the 
other hand, when the insect is most active and respiring 
most voluminously, its amount of temperature is at its 
maximum, and corresponds with th^ quantity of respi- 
ration. Neither the rapidity of the circulation, nor the 
size of the nervous system, according to Mr. Nouqiort, 
presen^ts such a constant relation to the evolution of heat. 

On the Begiilation of the Temperature of the Human Body, 

The continual* production of heat in tlie body has been 
already referred to. There is also, of necessity, a continual 
loss. But in^ healthy warm-blooded aniiUals, as already 
remarked, the loss and gain of heat are so nearly balanced 
one by the other, that under all ordinary circumstances, 
iin uniform temperature, within two or three degrees, is 
preserved. 

The loss of heat from the human body takes place chiefly 
by radiation and conduction from its surface, and by means 
of the constant evaporation of water from the same part, 
and from the nir-passages. In each act of respiration, 
heat is also lost by so much warmth as the expired air 
acquires (p. 2lo). All food and drink wliich^ enter the 
body at a lower temperature than itself, abstract a small 
measure of heat, and the tirine and fsDces take about a like 
amount away, when they leave the body. Lastly, some 
part of tjhe heat of tlie body is rendered imperceptible, and 
therefore lost as heat^ by being manifested in the form of 
mechanical motion. 

By far the most important loss of heat from the body, — 
probably 8o or 90* per cent, of the whole amount, is that 
which proceeds from radiation, conduction, and evapora- 
tion from the s^p.* And it is to this part especially, and 
in a smaller measure to the air-passages, that we must look 
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for the means by which the temperature is regulated ; in 
other words, by which it is prevented from rising beyond 
the normal point on the one hand, or sinking below it on 
the other. The chief indirect means for accomplishing the 
same end are, variations in the amoiint and quality of the 
food and drink taken, variations in clothing, and in expo- 
sure to external heat or cold. 

In order to understand the means by which the heat of 
the body is regulated, it is necessary to take into consi- 
deration the following facts : First, the immediate* source 
of heat in the body is the presence of a large quantity of 
a warm fluid — the blood, the* temperature of which is, in 
licalth, about lOO® F. In the second jdace, the blood, 
while constantl}'- moving in a multitude of diflerent streams, 
is, every minute or so, gathered up in the heart into one 
large stream, before being again dispersed to all parts of 
the body. In this way, the temperature of the blood 
remains almost exactly the same in all parts ; for while a 
portion of it in passing through one organ, as the skin, 
may become cooler, and through anotlier organ, as the 
liver, may become w^armer, the effect on each sej)arate 
stream is more or less neutralized when it mingles with 
another, and an average is struck, so to speak, for all tlie 
streams when they form one, in passing through the 
heart. 

The means by which the skin is able to act as one of 
the most important organs for regulating the temperature 
of the blood, are — (i), that it offers a large surface for 
radiation, conduction, and evaporation; (2), that it con- 
tains a largo amount of bipod ; (3), that the quantity of 
blood contained in it is the greater under those circum- 
stances which demand a loss of heat from the body, and 
vice iwrsd. For the circumstance which directly determines 
the quantity of blood in the skin, is that which governs 
the supply of blood to* all the tissues and organs of the 
body, namely, the power of the va?o-iaotor nerves to cause 
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a p^reatcr or less tension of the muscular element in the 
walls of tlie arteries (seep, ^41), and, in correspondence 
with this, a lessoning or increase of the calibre of tlie vessel 
aceorapiinied by a less or greater current of blood, A 
warm or hot atmosphere so acts on the nerve fibres of tlie 
skin, as to lead them to cause in turn a relaxation of the 
muscular fibre of tlie blood-vessels; and, ns a result, the 
skin becomes full-blooded, hot, and sweating; and much 
heat is lost. With a IotC' temperature, on the other hand, 
the blr>od-vessels shrink, and in accordance with the conse- 
quently diminished blood-supply, the skin becomes pale, 
and cold, and dry. Thus, Ay means of a self-regulating 
apparatus, the* skin becomes the most important of the 
means })y which the temperature of the ])ody is regulated. 

In connection with loss of heat iSy the skin, reftirence 
has been made to that which occurs both by radiation 
and conduction, and by evax)oration ; and the subject of 
animal heat has been considered almost solely with regard 
to the ordinary case of man living in a medium colder than 
liis body, and therefore Josing heat in all the ways men- 
tioned. The importance of the means, liowevor, adopted, 
so to speak, by the skin for regulating the temperature of 
the body, will depend on the conditions by which it is siir- 
round-^d; an inverse proportion existing in most ca.scs 
between the loss by radiation and conduction on the ono 
liand, and by evaporation on the other. Indeed, the small 
loss of heat by evaporation in cold climates may go far to 
cfvmpensate for the greater loss by radiation ; as, on the 
oilier hand, the great amount of fluid evaporated in hot 
air may remove nearly as much heat as is commonly lost 
by botJi radiation and evaporation in ordinary tempera- 
tures ; and thus, it is jiossible, that the quantities of lieat 
•*e<piired for the maintenance of an uniform proper tem- 
I)eratur0 in various climates and seasons are^not so different 
1^1 they, at first thbught, seem. • 

Many exainiJes might be given of the power which the 
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body possesses of resisting the effects of a high tempera- 
ture, in virtue of evaporation from the skin. 

Sir Charles Blagden and others supported a temperature 
varying between 198® and 211° F. in dry air for several 
minutes; and in a subsequent experiment he remained 
eight minutes in a temperature of 260®. But such heats 
are not , tolerable when the air is moist as well as hot, so 
as to prevent evaporation from the body. Mr. C. James 
states, that in the vapour baths of Nero he was almost 
suffocated in a temperature of 1 1 2°, while in the caves of 
'I'estacoio, in which the air is dry, he was but little incom- 
moded by a temperature of 176°. In the former, evapo- 
l ation from the skin was impossible ; in the latter, it was, 
])robably, abundant, £(jid the layer of vapour which would 
rise from all the surface of the body w’^ould, by its very 
slowly conducting power, defend it for a time from the full 
action of the external heat. 

(The glandular apparatus, by which secretion of fluid 
from the skin is effected, will be considered in the Section 
on the Skin.) • 

The ways by which the skin may be rendered more 
efficient as a cooling- apparatus by exposure, by baths, and 
by other means, which man instinctively adopts for lower- 
ing his temperature when necessary, are too w^ell known to 
need more than to be mentioned. # 

As a means for lowering tlie temperature, the lungs and 
air-passages are very inferior to the skin ; although, by 
giving heat to the air we breathe, they stand next to the 
skin in importance. As a regulating power, the inferiority 
is still more marked. Tiie air which is expelled from 
the lungs leaves the body at about the temperature of 
the blood, and is always saturated ,with moisture. No 
inverse proportion, therefore, exists between the . loss of 
heat by radiation and conduction on the one hand, and 
by evaporation on the fcther. ,, The ooldei;; the air, for 
example, the greater will be thfe loss in aU ways. Neither 
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isj the quantity of blood which is exposed to the coolinpj 
iuduence of the air diminished or increased, so far as is 
known, in accordance wdth any need in relation to tempe- 
rature. It is true that by varying the number and depth of 
the respirations, the qtiantity of heat given off by the lungs 
may be made, to some extent, to vary also. But the res- 
piratory passages, while they must be considered ini])ortant 
means by which heat is lost, are altogetlier siibordinate 
in tlie power of regulating the temperature, to tlie skin. 

It '‘may seem to have been assumed, in the foregoing 
pages, that the only regulating apparatus for temperature 
required by the human body is one that shall, more or less, 
produce a cooling effect ; and as if the amount of heat pro- 
duced were always, therefore, in ex(.*es8 of that whicli is 
required. Such an assumption w ould be incorrect. We 
have the power of rcgulatiug the production t)f heat, as 
well as its loss. 

In food we have a means for elevating our temperature. 
It is the fuel, indeed, on which animal heat ultimately 
depends altogether. "Phus, when more heat is wanted, 
we instinctively take more food, and take such kinds of it 
as are good for combustion; wdiile everyday experience 
shows the different power of resisting cold possessed by 
the well-fed and by the starved. 

In northern regions, again, and in the colder seasons of 
more southern climes, the quantity of food consumed is 
(speaking very generally) greater than that consumed by 
the same men or animals in opposite conditions of climate 
and seasons. And the food which appears naturally 
adapted to the inhabitants of the coldest climates, such as 
tlie several fatty and oily substances, abounds in carbon 
and hydrogen, and is fitted to combine with tlie largo 
quantities of ox/gen which, breathing cold dense air, they 
absorb from their lungs. 

In exorcis^ ^ain, we have* an important means of 
raising the temperature of our bodies (p* 233), 
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The influence of external coverings for the body must not 
be unnoticed. In warm-blooded animals, they are always 
adax)ted, among other purposes, to the maintenance of 
uniform temperature ; and man adapts for himself such as 
are, for the same purpose, fitted to the various climates to 
wliich he is exposed. By their means, and by his com- 
maud over food and fire, he maintains his temperature on 
all accessible parts of the surface of the earth. 

The influence of the nervous system in modifying the ^pro- 
duction of heat has been already referred to. The experi- 
ments .and observations which best illustrate it are those 
showing, first, that when the siipxdy of nervous influence 
to a jiart is cut off, the temperature of that part falls below 
its ordinary degree; ^nd, secondly, tliat when death is 
caused by severe injury to, or removal of, \ho nervous 
centres, the temperature of the body rapidly falls, even 
tliough ailificial respiration be performed, the circulation 
maintained, and to all appearance the ordinary chemical 
changes of the body be comx>letely effected. It has been 
rex^eatedly noticed, that after division of the nerves of a 
limb, its temperature falls; and this diminution of heat 
has been remarked still more jdainly in limbs deprived of 
nervous influence by paralysis. For exarai)le, Mr. Earle 
found the temperature of the hand of a paralysed arm to 
be 70^, while the hand of the sound side had a tempera- 
ture of 92” F. On electrifying the j)araly8ed limb, the 
temx>eraturo rose to 77®. In another case, the temperature 
of the paralysed finger was 56'' F., while that of the un- 
affected hand was 62°^ 

With equal certainty, though less definitely, the in- 
fluence of the nervous system on tlie production of heat, is 
shown in the rapid and momentary increase of tempera- 
ture, sometimes general, at other times quite local, which 
is observed in states of nervous excitement ; in the general 
increase of warmth of the body^ sometimes amounting to 
perspiration, which is excited by passions of the mind ; in 
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the sudden rush of heat to the face, which is not a mere 
sensation; and in the equ&Ily rapid diminution of tem- 
perature in the depressing passions. But none of these 
instances suffices to prove that heat is generated by mere 
nervous action, independent of any chemical change ; all 
are explicable, on the supposition that the nervous system 
alters, by its power of controlling the calibre of the blood- 
vessels (p. 14 1), the quantity of blood supplied to a part; 
whilf any influence which the nervous system may have in 
the production of heat apart from this influence on the 
blood-vessels, is an indirect one, and is derived from 
its power of causing nutrifive change in the tissues, which 
may, by involving the necessity of chemical action, involve 
the production of heat. The existy^nce of nerves, which 
regulate animal heat otherwise than by their influence 
in trophic (nutritive) or vaso-motor changes, although by 
many considered probable, is not yet prdven. 

In connection with the regulation of animal tempera- 
ture, and its maintenance in health at’ithe normal height, 
it is interesting to note the result of circumstances too 
powerful, either in raising or lowering the heat of the body, 
to be controlled by the proper regulating apparatus. 
Walther found that rabbits and dogs, when tied to a board 
and exposed to a hot sun, reached a temperature of 
114*8° F., and then died. Cases of sunstroke furnish us 
with ' similar examples in the casi^ of man ; for it would 
seem that here death ensues chiefly or solely from ele- 
vation of the temperature. In a ease related by Dr. Gee, 
the temperature in the axilla was 109*5® many 

febrile diseases the immediate cause of death appears to be 
the elevation of the temperature to a point inconsistent 
with the oontinuanqe of life. 

The effect of mere loss of bodily temperature in man is 
less well kno^ than the effect of heat. 

From experiments by Walther, it appears that rabbits 
can he cooled down to 48^ F. b<^ore they die, if artificial 
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respiration be kept up. Cooled down to 64° F., they can- 
not recover unless external warmth be applied together 
with the employment of artificial respiration. Rabbits 
not cooled below 77® F. recover by external warmth 
alone. 


CHAPTER IX. 

DIGESTION. 

t 

Digestion is the process by which those ps^ts of our 
food which may be employed in the formation and repair 
of the tissues, or in the production of heat, .are made fit to 
be absorbed and added to , the blood. 

Food, • 

Food may be considered in its relation to these two pur- 
poses — the nutrifion of the tissues, and the production of 
heat. But, under the first of these heads will be included 
many other allied functions, as, for example, secretion and 
generation : and under the second, not the production of 
heat only as such, but of all the other forces correlated 
with it, which are manifested by the living body. 

The following is a convenient tabular classification of 
the usual and more necessary kinds of food : — 

Nitrogenous ; — 

Proteids, as Albumen, Casein, Syntonin, Gluten, and their allies, 
and Gelatin ; (containing Carbon, Hydrogen, Oxygen, and Nitrogen ; 
some of them, al^o Sulphur and Phosphorus}, 

Non-Nttrogenous : — 

(1) . Amyloids— ^Starch, Sugar, and their allies (containing Carbon, 

Hydrogen and Oxygen). ' 

(2) . Oils and Fats ((Containing Carbon, Hydrogen, and Oxygen ; the 
oxygen in much smaller proportion than in starch or sugar). 

(3) . Mineral or Saline Matters ; oi^ Chloride phosphate of 

Lime, etc. 

(4) . Water. 
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Animals cannot subsist on any but organic substances, 
and these must contain the several elements and com- 
pounds which are naturally combined with them : in other 
words, not even organic compounds are nutritive unless 
they are supplied in their natural state. Pure fibrin, pure 
gelatin, and other principles purified from the substances 
naturally mingled with them, are incapable of supporting 
life for more than a brief time. 

^ Moreover, health cannot be maintained by any number 
i of substances derived exclusively from one only of the two 
i chief groups of alimentary juinciples mentioned above. A 
mixture of nitrogenous and non-nitrogenous organic sub- 
stances, together witli the inorganic principles which are 
severally contaiued in them, is essential to the well-being 
, and, generally, even to the existence of an aniirial. TTie 
truth of this is demonstrated by exi)eriment8 performed for 
the purpose, and is illustrated by the composition of the 
food prepared by nature as the exclusive source of nou- 
rishment to the young of Mammalia, namely, milk. 



Composition* or Milk. 

llumau. A 

C0'.VH 

Water . 

. 890 . 

. 85s 

Solids 

. . 110 

. . 142 


— 

— 


1,000 

1,000 

Casein . 

• 35 . • 

68 

Butter . 

. , 25 . _ . 

. . 38 

Sugar (with extractives) 48 . 

• 3 ^ 

Salts 

. . 2 . 

. . 6 


no 

142 


. In milk, as will be seen from the preceding table, the 
albuminous group of aliments is represented by the casein, 
tlie oleaginous By tlie butter, the aqueous by the water, 
tho*saccharine by the sugar of milk. Among the salts of 
milk are likewise phosphate of Kme, alkaline, and other 
^^ts,* and a trace of iron ; so that it may be briefly said 
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to include all the substances which the tissues of tlie 
growing animal need for tljeir nutrition, and which are 
required for the production of animal heat. . 

The yelk and albumen of eggs are in the same relation 
as food for the embryoes of oviparous animals, tliat milk is 
to the young of Mammalia, and afford another example of 
mixed food being provided as the most perfect nutrition. 


CoMi'OsiTroN OF Fowls’ Eggs. 



^ WLito. 

Ycllv. 

Water 

. 80 0 

• 53 73 

Albumen 

. , 155 ► 

. I7;47 

Mucus 

4*5 Yellow Oil 

. 2875 

•Salts . 

. . . ' 4.1) . 

6’0 


Experiments illustrating the same principle have been 
performed by Magendie and others. Dogs • were fed ex- 
clusively on sugar and distilled water. During the first 
seven or eight days they were brisk and active, and took 
their food aiid^ drink as usual ; but in the course of the 
second week, they began to get thin, although their appe- 
tite continued good, and they took daily between six and 
eight ounces of sugar. The emaciation increased during 
the third week, and they became feeble, and lost their 
activity and appetite. At the same time an ulcer formed 
on each cornea, followed by an escape of the humours of 
the eye: this took place in repeated experiments. The 
animals still continued to eat three or four ounces of sugar 
daily ; but became at .length so feeble as to be incapable of 
motion, and died on a day varying from the thirty-first to 
the thirty-fourth. On dissection, their bodies presented all 
the appearances produced by death from starvation; in- 
deed, dogs wilklive almost the same length of time without 
any food at all. 

When dogs were fed exclusively on glim, results almost 
similar to tlie above ensued. When they were kept on 
olive-oil and water, all 'the phenomena produced were the 
same, except that no ulceration of the cornea took place : 
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tlie effects were also the same with butter. Tiedemaun 
and Gmelin obtained very^ , similar results. They fed 
different geese, one with sugar and water, another witli 
gum and water, and a third with starch and water. All* 
gradually lost weight. The one fed with g^m died on the 
sixteenth day ; that fed with sugary on the twenty- second ; 
the third, which was fed with starch, on the twenty-fourth ; 
and ' another on the twenty-seventh day ; having lost, 
during these periods, fi«m one-sixth to one-half of their 
weight. The experiments of Chossat and Letellier prove 
the same i and in men, the same is shown by the various 
diseases to which they who, consume but little nitrogenous 
food are liable^ and especially, as Dr. Budd has shown, 
by the affection of the cornea which is observed in Hindus 
feeding almost exclusively on rice. But it is not only the 
non-nitrogenous substances, which, taken alone, are in- 
sufficient for the maintenance of health. The experiments 
of the Academies of France and Amsterdam were equally 
conclusive that gelatin alone soon ceases to be nu- 
tritive. , 

Mr. Savory's observations on food confirm and extend 
the results obtained by Magendie, Chossat, and others. 
They show that animals fed exclusively on non-nitrogenous 
diet speedily emaciate and die, as if from starvation ; that 
a much larger amount of urine is voided by those fed with 
nitrogenous than by those with non-nitrogenous food ; and 
that animal heat is maintained as well by the former as 
by the latter — a fact which proves that nitrogenous elements 
of food, as well as non-nitrogenous, may be regarded as 
calorifacient. The non-nitrogenous principles, however, 
he believes to be calorifacient essentially, |jiot being first 
converted into tissue ; but of the nitrogertdus, he believes 
^hat only a part* is thus directly calorifacient, the rest 
being employed in the formation of tissue. Contrary to 
the views of Liebijg and Lehmann^ Savory has shown that, 
while animals Speedily die when confined to nou-nitro- 
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genous diet, they may liva long when fed exclusively with 
nitrogenous food. , 

Man is supported as well by food constituted wholly of 
animal substances, as by that which is formed entirely of 
vegetable matters, on the condition, of course, that it 
contain a mixture of the various nitrogenous and non- 
nitrogcnous substances just shown to be essential for 
healthy nutrition. In the case of carnivorous animals, the 
food upon which they exist, consisting as it does of the 
flesh and blood of other animals, not only contains ^dl the 
elements of which their own blood and tissues, are com- 
posed, but contains them com\>ined, probably, in the same 
forms. Therefore, little more may seem requisite, in the 
preparation of this kind of food for the nutrition of the 
body, than that it should be dissolved and ^conveyed into 
the blood in a condition capable of being re-organized. 
But in the case of the herbivorous animals, which feed ex- 
clusively upon vegetable substances, it might seem as if 
there would be greater difficulty in procuring food capable 
of assimilation into their blood and tissues. But the chief 
ordinary articles of vegeWble food contain substances 
identical in composition, wdth the albumen, fibrin, and 
casein, which constitute the principal nuiJiHve materials in 
animal food. Albunueni js ^^undant in the juices, and 
seeds of nearly all vegetab les! tlio^glutcn w hich exist s, 
especially in com and other seeds of grasses as well as in 
their iuices, is identical in composition with fibrin*, and is 
often named vegetable fibrin ; and the substanc e na med 
legumW, which is dbtSn^ especially from peas, beans, 

"■Sr:. I m i II I f ii I I f Wi I. — < r-i rf Ki ■ i -n - r rir rwfj r 

and other seeds of leguminous plants,* a nd from the "p otato, 
is^ identIciJ^rSE^TK^"ca8^ AlTtl^ese vegetable 

suF8laiISBB"*^ar^^ mffi llie ' corresponding animal 

jn inoiples, and in the same manner, capable of conversion 
into blood and tissue ,* and as the blood and tissues in botli 
classes of animals are al4ke> so also the nitrogenous food of 
both may be regarded as, in essential respects, similar* 



230 


DIGESTION. 


It is in the relative quantities of tlie nitrog^enous and 
iion-nitrogenoiis compounds in these dilfereut foods that 
the difference lies, rather than in the presence of substances 
in one of them which do not exist in the other. Tlie only 
non-nitrogenous compounds in ordinary animal foc»d are 
the fat, the saline matters, and water, and, in some in- 
stances, the vegetable matters which may (*hance to be in 
the digestive canals of such animals as are eaten whole. 
The amount of these, hbwever, is altogether much less 
than that of the non-nitrogenous substances represented ])y 
the starch, sugar, gum, oil, etc., in the vegetable food of 
herbivorous animals. t 

The effects of* total deprivation of food have been made 
the subject of experiments on the lower animals, and have 
been but too frequently illustrated iii*man. 
j (ib One of the most notable effects of starvation, as 
might he expected, is loss of weight; the loss being greatest 
at first, as a rule, but afterwards not varying very much, 
day by day, until death ensues. Chossat found that the 
ultimate proportional loss w^as, in different animals experi- 
mented on, almost exactly the same; death occurring 
when the body had lost two-fifths (forty per cent.) of its 
original weighf. 

Different parts of tlie body lose weight in very different 
proportions. The following results are taken, in round 
numbers, from the table given by M. Chossat : — 


Fat loses , 

. . 93 per oent, 

blood .... 

• • 75 

S]ileen 

• 71 

Pancreas 

• ■ H j* 

Liver 

• 52 

Heart , 

• • 44 

Intestines . 

• • 42 , t 

Muscles 0^ locomotion . 

t • 42 

Slomacii loses . 

• 39 
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Pharynx, Q^soplia^iis 
Skin . 

Kidneys 

Respiratory apparatus 
Bones . 

Eyes . . . . 

Nervous system 


34 per cent. 


33 

3 « 

22 

l6 

10 

2 



(2) . The effect of stan'-ation on the temperature of the 
various animals experimented on by Chossat was very 
marked. For some time the variation in the daily Itempe- ,, 
rature was more marked than its absolute and xjontinuous | 
diminution, the daily fluctuation amounting to 5° or 6° F., 
instead of i® or 2® F., as in health. But a short time 
})efore death, the t^perature fell very rapidly, and death 
ensued when the loss had amounted to about* 30° F. It has 
been often said, and with truth, although the statement 
requires some qualification, that death by starvation is 
really death by cold ; for not only has it been found that 
differences of^ time with regard to the period of the fatal 
result are attended by the same ultimate loss of heat, but 
the effect of the application of external warmth to animals 
cold and dying from starvation, is more effectual in reviving 
them than the administration of food. In other words, an 
animal exhausted by deprivation of nourishment is unable 
so to digest food os to use it as fuel, and therefore is de- 
pendent for heat on its supply from without. Similar 
facts are often observed in the . treatment of exhaustive 
diseases in man. 

(3) . The symptoms produced by starvation in the human; 
subject are hunger , accompanied, or it may be replaced, 
by pain, referred to the region of the stomach ; ' i nsatiab le t 
tjiirst ; sjoeglessness ; general weakness and emaciation. 1 
The exhalations both from tlie lungs ahd skin are foetid, 
indicating the tendency to decomposition which belongs 
to badly-nourished tissues ; wd death * occurs, sometimes 
after the additional exhaustion caused by diarrhoea, often 
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with symptoms of nervous disorder, delirium, or con- 
vulsions. . 

(4) . In the human subject death commonly occurs 
i within six to ten days after total deprivation of food. But 
j this' period may be considerably prolonged by taking a 
‘ very small quantity of food, or even water only. The 

cases so frequently related of survival after many days, or 
even some weeks, of abstinence, have been due either to 
tlie last-mentioned circunistances, or to others less elTectual, 
which ’prevented the loss of heat and moisture. Cases in 
which life has continued after total abstinence from food 
and drink for many weelm,« or months, exist only in the 
imagination of t-lie vulgar. 

(5) . The appearances presented after death from starva- ; 
tion are those of general wasting and bloodlessness, the 1 
latter condition being least noticeable in the brain. The ) 
stomadi and intestines are empty and contracted, and the j 
walls of the latter usually appear remarkably thinned and ^ 
almost transparent. The usual secretions pre scanty or 
absent, with the exception of the bile, which, somewhat 
concentrated, usually fills the gall-bladder. All parts of 
the body readily decompose. 

It has just been remarked that man can Hye^ jipon 
animal matters alon e, or upon yegetabl^. The structure 
of his teeth, however, as well as experience, seems 
to declare that he is best fitted for a mixed diet ; and 
the same inference may be readily gathered from other 
facts and considerations. Thus, the food a man takes 
into his body daily, represents or . ought to represent 
the quantity and kind of matter necessary for replacing that 
which is daily cast out by the way of lungs, skiny kidneys, 
and other organs,* To find out, therefore, the quantity 
nud kind of food necessary for a healthy man, it will, 
evidently, be the beat plan to coneider in the first place 
what he loses by excretion. 
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For the sake of example, we may now take only two 
elements, carbon and nitrogen, and, if we discover what 
amount of these is, respectively discharged in a given time 
from the body, we shall be in a position to judge what 
kind of food will most readily and economically replace 
their loss. 

llie quantity of carbon daily lost from the body amounts 
to about 4, 500 grains, and of nitrogen 300 gr^ns ; and 
if a man could be fed by these elements, as such, the 
problem would be a very simple one; a porrespbnding 
weight of charcoal, and, allowing for the oxygen in it, 
of atmospheric air, would bcball that is necessary. But, 
as before remarked, an animal can live only upon these 
elements when th^ are arranged in a i)articalar man- 
ner with others, in the form of an organic, compound, as 
albumen, starch, and the like; and the relative propor- 
tion of carbon to nitrogen in either of these compounds 
alone, is, by no means, the proportion required in the 
diet of man. The amount, 4,500 grains of carbon, repre- 
sents about fifteen times the quantity of nitrogen required 
in the same period ; and, in albumen, the proportion of 
carbon to nitrogen is only as 3*5 to i. If, therefore, a man 
took into his body, as food, sufficient albumen to supply 
him with the needful amount of carbon, he woi Jd receive 
more than four times as much nitrogen as he wanted ; 
iind if he took only suflicient to supply him with nitrogen, 
he would be starved for want of carbon. It is plain, 
therefore, tliat he should take with the albuminous part 
of his food, which contains so large a relative amount 
of nitrogen in proportion to the carbon he need^, sub- 
stances in which the nitrogen exists in much smaller 
quantities. 

Food of this kind is provided in Buch compounds as 
starch and fat. The latter indeed as it exists for the most 
pgrt in considerable amount mingled with the flesh of 
animals, removes to a great extent, in a diet of animal 
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food, tho diffioiilty which would otherwise arise from a 
deficiency of carbon — fat containing^ a large relative pro- 
portion of this element, and no nitrogen.' , 

To take another example ; the proportion of carbon to 
nitrogen in bread is about 30 to I. If a man's diet were 
confined to bread, he would oat, therefore, in order to 
obtain the requisite quantity of nitrogen, twice as niucih 
carbon as is necessary ; and it is evident, that, in this 
instance, a certain quantity of a substance with a large 
relative amount of nitrogen is the kind of food necessar}" 
for redressing the balance. 

To place the preceding foots in a tabular form, and 
taking meat as *an example instead of pure albumen : — 
meat contains about 10 per cent, of/carbon, and rather 
more than 3 per cent, of nitrogen. Supposing a man to 
take meat for the supply of the needful carbon, he would 
require 45,000 grains, or nearly 6| lbs., containing : — 

Carlioii 4, 500 graiiiv^ 

Nitrngpn l» 35 o 

Excess of Nitrogen above \he amount requiml 1,500 ,, 

Bread contains about 30 per cent, of carbon and i per 
cent, of nitrogen. 

If bread alone, therefore, were taken as food, a man 
would require, in order to obtain the requisite nitrogen, 

30.000 grains, containing — 

Caibon 9,000 grains 

Nitrogen 300 ,, 

Excess of Carbon above the amount required . 4,500 „ 

Ihit a combination of bread and meat would supply 
much more economically what was necessary. Thus — 

Carbon. Nitrogen. 

15.000 grains of bread* (or rather more than. 

2 lbs.) conbiin 4,500 gra. 150 grs. 

5,000 grains of incut (qp about Jib.) contaij^ . 500 „ 150 „ 


5^000 „ 


300 „ 
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So that f lb. of meat, and less than 2 lbs. of bread, 
w ould supply all tlie needful carbon and nitrogen with but ' 
little waste. 

From these facts it wdll be plain that a mixed diet is the 
b(^st and most economical food for man ; and the result of 
experience entirely coincides with wdiat might have been 
anticipated on theoretical grounds only. 

It must not be forgotten, however, that the value of 
certain foods may depend quite as much on their digesti- 
bility, as on the relative quantities of the necessary 
elonients which tliey contain. 

In a(ttual practice, moreover, the quantity and kind of 
food to bo taken W’ith most economy and advantage cannot 
l>e settled for encli ir^ividual, onl^'^ by considerations of the 
exact quantities of certain elements that are required. 
Miuh will of necessii3'’ depend on the habits and digestive 
powers of the individnal, on the state of his excretory 
organs, and on nianj" other circumstances. Food which to 
one person is appropriate enough, may be quite unfit for 
another; and the changes of die^ so instinctively prac- 
lis^*d b}' all to whom they are possible, have much more 
reliable grounds of justification than any which could be 
fruiued on theoretical considerations only. 

In many of the experiments on the digestibility of 
various articles of food, disgust at the .sameness of the 
diet may liave had as much to do with inability to consume 
and digest it, as the w^ant of nutritious properties in the 
substances wdiich were experimented on. And that disease 
may occur from the Tvant of particular food, is well shown 
by the occurrence of scurvy when fresh vegetables are 
deficient, and its rapid cure when they are again eaten : 
and the disease which is here so remarkably evident in its 
symptoms, causes, and cure, is matched by numberless 
other ailments, the causes of which, however, although 
analogous, are less exactly known, therefore less 

easily combated. 
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With regard to the quantity, too, as well as the kind of 
food neoessaxy, there will h& much diversity in different 
individuals. Dr* l)alton believed, from some experiments 
which he performed, that the quantity of food necessary 
for a healthy man, taking free exercise in the open air, is 
as follows : — 

Meat * . . . i6 ounces, or I *00 lb. avoird. 

r*read . . . 19 „ „ 1*19 „ „ 

^Butter or Fat ... 3 *' »» 0*22 „ „ 

Water 52fluidozs. „ 3-38 „ „ 

The quantity of meat, hewever;;*here giveii is probably 
more in proportion to the other articles of diet enumerated 
than is needful for the majority of individuals under tlie 
circumstances* stated. 

PASSAGE OP POOD THUOUGH THE ALIMEKTABT CANAL. 

The course of the food through the alimentary canal of 
man will be readily seen from the accompanying diagram 
(fig. 66), The food taken into the mouth thence 

through the oesophagus into the stomach, and from this 
into the small and largo intestine successively ; gradually 
losing, by absorption, the greater portion of its nutritive 
(jonstituonts. The residue, together with such matters as 
may haveu been* added to it in its paBS%e, is discharged 
from the rectum through the anus. 

We shall now consider, in detail, the process of diges- 
tion, as it takes place in each stage of this journey of tlie 
food through the alin^entaiy canid. 

The Salivary Glands and the SaUva, 

The firstiof a sdries of changes to which the food is sub- 
jected in the digestive canal, takes place in the cavity 6f 
the mouth ; thq solid articles of fobd axe here submitted to 
the action of the teeth (p. 59), whereby they are divided 



8AUVAET OLiANDS AND SALIVA. 


257 

and crushed, and by being at the same time mixed with 
the fluids of the mouth, are reduced to a soft pulp, capable 

Fig, 66.* 




of being easily swallowed. The fluids with which the food 
is mixed in the mouth consist of the ‘secretien of the 

* Fif;. 66. Diagram of the *allaiaatary canal. Th|» mail intestine 
of man U from abosUt 3 to 4 times M fie^g as the latg€ intestine. 
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salivary glands, and the mucus secreted by the lining 
metnbrane of the whole buccal cavity. 

The glands concerned in the production of saNva, are 
very extensive, and, in man and Mammalia generall}’, are 
presented in tlie form of four pairs of large glands, the 
parotid, submaxillary, sublingual, and numerous smaller 
bodies, of similar structure and with separate ducts, wliich 
are scattered thickly beneath the mucous membrane of the 
lips, cheeks, soft palate, and root of the tongue. The 
structure of all these glands is essentially the same. Each 
is composed of several parts, called lobes, which are joined 
together by areolar tissue ; oand each of these lobes; again, 
is made up of a number of smaller parts called lobules^ 
bound together as before by areolar ^issue. Each of these 
smalLdivisions, called lobules, is a miniature representation 
of the whole gland. It contains a small branch of the 
duct, which, subdividing, ends in small vesicular pouclies, 
cadled acim, a group of w’hich may be considered the 

c Flg.6^^ 



dilated end of one of tlie smaller ducts (fig. 67). Eacli of 
the acini is about ^ ^ diameter, and is foimod 

of a fine structureless membrane, lined on the inner surface 
and often filled by spheroidal or glandular epithelium ; 


* Fig. 67. DiJtgram of a racemose or saccular com^iound glnnd ; m, 
entire gland, shewing branched duct an^ lobular structure a lobule 
iletached, with 0, branch of duct proceeding from it (after Sharpey). 
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while on the outside there is a .plexus of capillary blood- 
vessels. The accompanying diagram is intended to show 
the typical structure of such glands as the salivary (fig. 67). 

Saliva, as it commonly flows from the mouth, is mixed 
with the, s^retion of the mucous membrane, and often 
^vith air bubbles, which, being retained by its viscidity, 
make it frothy. ^ 

When obtained from the parotid ducts, and free from 
mucus, saliva is a transparent waten^ fluid, the specific 
gravity of ^^dlich varies from I 004 to I * 008 , and in which, 
M’hen examined with the microscope, are found floating a 
number of minute .particles, derived from the secreting 
<luct8 and vesicles of the glands. In the imi^ure or mixed 
saliva are found, besides these particles, numerous epithelial 
scales separated from the surface of the mucows membrane 
of the mouth and tongue, and mucus-corpuscles, discharged 
for the most part from the tonsils, w’hich, when the saliva 
is collected in a deep vessel, and left at rest, subside in the 
form of a wlute opaque matter, leaving the supernatant 
salivary fluid transparent and culotirless, or with a pale 
bluish-grey tint. In reaction, tl]« saliva, wheu firg^ secreted, 
appears to be always alkalin e.; and that from the parotid 
gland is said^ J^be more starongly alkaline than that from 
tlio other salivary glands. This alkaline condition is inost 
evident when dig^tion is going on, and' according to 
l)i\ Wright, the degree of alkalinity of the saliva bears a 
direct p^portion to the acidity of the gastric fluid secreted 
at the same time. During fasting, the saliva, altliough 
secreted alkaline, shortly becomes neutral ; and it does so 
especially when secreted slowly and allowed to mix with 
the acid mucus of the mouth, by wllfch its alkaline reaction 
is neutralized. ^ 

The following analysis of the saliva is tfy Fre^ichs : — 
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ComjMsitmi of Saliva, 


Water ...... 

994*10 

Solids 

5 90 

Ptyalin 

1*41 

Put . . . . . . 

007 

?wl»ithclium ai^l Mucus 

2*.> 

Salts 


Sulpho^ Cyanide of Potassium . 

'j 

Pliosphat<fof Socia 

¥ 

„ Jiime . . . 

2 '29 

„ „ Magnesia . 


Chloride of SpidiuTn . . . 


„ „ Potassium 

- , 


f 

The rate fit which salira is secreted is subject to consider- 
able variution. Wlieu the tongue aud muscles concerned 
ill mastication are at rest, and the nerves of the moutli 
are subject to no unusual stimulus, the quantity secreted is 
not more than sufficient, ivith the mucus, to keep the mouth 
moist. But the flow ife much accelerated when the move- 


ments Off mastication take place, and especially wlien they 
are combined with the presence of food in the mouth. It 
may be excited also, even when tlie mouth is at rest, 
the mental impressions produced by the sight or thought 
of food; also by the introduction of food into the stomach. 
The influence of the latter circumstancd was well shown in 
a case mentioned by Dr. Oairdner, of a man MThose pliaiy'iix 
had been divided : flie injection of a meal of brotli into 
the stomach was foUoWed by the secretion of. from six to 
eight ounces of saliva. 

Under these varying circumstoncei^, qmutity of saliva 


seated in twenty-four hours varies also; its average 
amount is probal^ly from two to three pints in twenty-four 
hburs. In a man who had a fistulous opening of the 
parotid ductf^Mitseherlich foundP’that the quantity of saliva 


discharged from it during twenty-four honrs, was from two 
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to three ounces ; and the saliva collected from the mouth 
during the same period, and flerived from the other sali- 
vary glands, amounted to six times more than that from 
tlie one parotid. 

The pm-poses served by saliva are of several kinds. In the 
first place, acting meclianically in conjunction with mucus, 
it keeps the mouth in a due condition of moisture, facilitat- 
ing the movements of the tongue in speaking, and the mas- 
tication of foQdl! (2.) It serves also in dissolving sapid* 
substances, and rendering them capable of exciting the j 
juu’ves of taste. But the prin<;ipal mechanical purpose of \ 
tlie saliva is, (3),. that by mixing with the food during mas- 
tication, it makes it a soft pulpy mass, such as may be 
<»asily swallowed. To tliis purpose the saliva is adapted 
both by quantity and quality. For, speakiqg generally, 
the quantity secreted <luring feeding^is in direct proportion 
to the dryness and hardness of the food : as M. Lassuigne 
lias shown,, by a table of the quantity produced in the mas- 
ti cation of a hundred parts of each of several kinds of food, 
thirty parts suffice for a hundred p^-rts of crumb of bread, 
but not less than 120 for the crusts; 42*5 parts of saliva 
are produced for the hundred of roast meat;" 3 7 for as 
mucli of apples ; and so on, according to the general rule 
above stated. The quality of saliva is equally adapted to ^ 
this end. It is easy to see how much more readily it mixes 
M'ith most kinds of food than water alone does; and M. 
Bernard has shown that the saliva from the parotid, labial, 
and other small glands, being more aqueous than the rest, 
is tluit Avhich is chiefly braided and mixed with the food in 
mastication ; while the more viscid mucoid secretion of the 
submaxillary, palatine, and tonsillitic glands is spread over 
the surface of the softened mass, to enable it to slide more 
(idsily through the /fauces and oesophagufi. This view ^ob- 
tains confirmation from the interesting fact pointed out by 
rrofossor Owen, that im the great ant-eater, whoso enor- 
mously elongated tongde is k^pt moist by a large quantity 
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of viscid saliva, the sulmiaxillary glands are reraarkahly 
developed, while the patotid^ are not of unusual size. 

Beyond these, its meehanical purposes, saliva performs 
(4) a chemical part in tlie digestion of the food. When 
saliva, or a portion of a salivary gland, or even a portion 
of dried pti/alin, is added to starch paste, the starch is very 
rapidly transformed into dextrin and graj^-sugar; and 
when common raw starch is masticated and mingled with 
\ .saliva, and kept with itT at a ‘temperature of 90'^ or lOO^ 
i the Aarch'grains are cracked or eroded, and their contents 
j are transformed in the same manner as the starch-paste. 
Changes similar to these arg effected on the starch of fari- 
naceous food (especially after cooking) in the stomach ; and 
it is reasonable to refer them to the action of the saliva, be- 
<jause the aci^ of the gastric fluid tenifs to retard or prevent, 
rather than favour the transfonnation of the starch. It 
may therefore be held, that one purpose served by tlie 
saliva in the digestive process is that of assistuig in the 
j transformation of tlie starch, which enters so largely 
j into t^e composition of most articles of vegetable food, 
and which (being naturally insoluble) is converted into 
soluble dextrin and grape-sugar, and made fit for ab- 
sorption. 

Besides saliva, many azotized substances, espedally if in 
a sta% of incipient decomposition, may excite the trans- 
fonaation of starch, such os pieces of the mucous moiu- 
brane of the mouth, bladder, rectum, and other parts, 
various animal and vegetable tissues, and even morbi^l 
X>rodiicts ; but the gastric fluid will not produce the samo 
effect. The transformation in question is effected much 
more rapidly by saliva, however, than by any of tlio other 
, fluids or substances experimented with, except the x>au- 
creatic secretion, vliich, as will be presently shown, is very 
atWogous to saliva. The actual process by which these 
Changes jure effected is still obscure. , Probably the azotized 
substance, acts as a kind of ferment, like diastase 
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in the process of malting, and estdtes molecular changes in 
the starch which result in its transformation, first into 
dextrin and then into sugar. 

The majority of observers agree that the transformation 
of starch into sugar ceases on the enti-ance of the food into 
the stomacJi, or on the addition of gastric fluid to it in 
ii test-tube: while others maintain that it still goes on. 
Probably all are riglit : for, although gastric fluid added 
to saliva appears to arrest the action of the latter on 
starch, yet portions of saliva mingled with food in*mas-j 
tication may, for some time after their entrance into thej 
stomaeli, remain unneutralize^ by the gastric secretion, ^ 
and continue their influence upon the starchy X)rinciple8 in . 
contact with them. ^ 

S tarch f^psarg^tQ.J^.jjhe_0Xily princi p le ^of food upon 
wh ich saliva acts c hemically ; it has no apparent influence 
on any of the other ternary principles, such as sugar, gum, 
colluloHe, or (according to Bernard) on fat, and seems to be 
equally destitute of power over, albuminous and gelatinous 
substuiices, so that we have as yeh no information respect- 
ing any purpose it can serve in the digestion of Carnivora, 
beyond that of softening or macerating the food ; though, 
since such animals masticate their food very little, usually 

bolting*" it, the saliva has probably but little use even in 
this respect, in the process of digestion. 

Passoije of Food into the Stomach. 

When properly masticated, the food is transmitted in 
successive portions to the stomach by the act of deglutition 
or mallomng. This act, for the purpose of description,^ 
may be divided into thr^ parts. In the first, particles of 
itK>d collected to a morsel glide between the surface of the 
tongue and the palatine arch, till they have passed the 
anterior arch of the fauces ; in the seciond, the morsel is 
carried tlirough the pharynx ; and in thfb third, it reaches 
the stomach through the o^^Ojdiagus. „"fliese three acts 
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follow each other rapidly. The first is performed volun- 
tarily by the muscles of the tongue and cheeks. The second 
also is effected with the aid of muscles whi^h are in part 
endued with voluntary motion, such as the muscles of the 
soft palate and pharynx ; but it is, nevertheless, an invo- 
luntary act, and takes place without our being able to pre- 
vent it, as soon* as a morsel of food, drink, or saliva is 
carried backwards to a certain point of the tongue’s sur- 
face. When we appeal*- to swallow voluntarily, we only 
convey, through the first act of deglutition, a portion 
of food or saliva beyond the anterior arch of the palate ; 
then the substance acts as a stimulus, which, in accordance 
with the laws of reflex movements hereafter to be described, 
is carried by the sensitive nerves to the medulla oblongata, 
when it is reflected by the motor nerves, and an involuntary 
adapted action of the muscles of the palate and pharynx 
ensues. The third act of deglutition takes place in the 
oesophagus, the musctilar fibres of whicli are entirely beyond 
the influence of the will. ^ , 

The second act of deglutition is the most complicated, 
because the food must pass by the posterior orifice of tlie 
nose and the upper operiing of the larynx without touching 
them. W^hen it has been brought, by the first act, between 
the anterior arches of the i)alate, it i4 moved onwards by 
the tongue being carried backwards, and by muscles of 
the anterior arches contracting on it and tlieu behind it. 
The root of the tongue being retracted, and the larynx being 
raised wdth the pharynx. and carried forwards under the 
tongue, the epiglottis is pressed over the upper opening of 
the larynx, and the morsel glides past it; the closure of the 
glottis being additionally secured by the simultaneous 
contrfujtion of its own muscles ; bO that, even when the epi- 
glottis is destroyed, there is little danger of food or drink 
passing into the larynx so long as its muscles (yin act freely. 
At the same time the raising of the soft palate, so that its 
po^rior edge touches the back part of the pharjmx, and 
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the approximation of the sides of the posterior palatine 
arch, which move quickly inwards like side curtains, close 
the passage into the upper part of the pharynx and the pos- 
terior nares, and form an inclined plane, along tlie under 
surface of which the morsel descends ; then the pharynx, 
raised up to receive it, in its turn contracts, and forces it 
onwards into the oesophagus. 

In the third act, in which the food passes through the 
oesophagus, every part of that tube as it receives the morsel 
and is dilated , by it, is stimulated to contract: hence an 
uiidulatory contraction of the oesophagus, which is easily 
observable in horses while drinking, j^roceeds rapidl;^ along 
the tube. It is only when the morsels swallowed are large, 
or taken too quickly in succession, that the progressive con- 
traction of the oosoi)hagus is slow, and attended with i)ain. 
Division of both pueumogastric nerves paralyzes the con- 
tractile power of the oesophagus, and food accordingly 
accumulates in the tube (Bernard). 

DIGESTION OF POOD IN*TIIE STOMACH. 

Structure of the ^toiuach. 

It appears to be an almost universal character of animals, 
that they have an internal cavity for tlie production of a 
chemical change in the aUment — a cavity for digestion; 
and when this cavity is compound, the i)art in which the 
food undergoes its principal and most important changes is 
the stomach. 

In man and those Mammalia which are provided with a 
single stomach, its walls consist of three distinct layers or 
coats, viz., an external peritoneal , an inte rnal mucons . and 
au, intermediate muscular^ coat^ with blood-vessels, lym- 
phatics, and nerves distributed in and b^^tween them. . 

The muscular coat of the stomach consists of tliree sepa- 
rate las ers or sets of fibfes, which, according to their several 
directions, are named the lopj^tudinal, circular, and oblique. 
'J'he longitudinal set are the most superficial : they are eon- 
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tinuous with the longitudinal fibres of the oesophagus, and 
spread out in a diverging .manner over the great end and 
sides of the stomach. They extend as far as the pylorus, 
being esi^ecially distinct at the lesser or upper curvature of 
the stomach, along which they pass in several strong bands. 
The next set are the circular or transverse fibres, which more 
or less completely encircle all parts of the stomach ; tliey 
are most abundant at the middle and in the pyloric portion 
of -tlie organ, and form the*^chief part of the thick project- 
ing ring of the pylorus. According to Pettigrew, these 
fibres are not 8imj)le circles, but form double or figiire- 
of 8 loops, the fibres intersecting very obliquely. The next, 
and consequently deepest set of fibres, are the ohliguey con- 
tinuous with the circular muscular fibrqf^ of the (nsophagus, 
and, according, to Pettigi*ew, wdth the same double-looped 
arrangement that prevails in the preceding layer : they are 
comparatively low in number, and are placed only at the 
cardiac orifice and portion of the stomach, over both sur- 
faces of which they are spread, some passing obliquely from 
left to right, others fro n> right to, loft, around the cardiac 
orifice, to which, by their interlacing, they form a kind of 
sjdiincter, continuous with that around the lower end of the 
03 sopliag^s. Tite fibres of which the several muscular layers 
of tbe stomach, and of the intestinal canal generally, are 
composed, belong to the class of organic muscle, being com- 
posed of smooth or unstriped, elongated, spindle-shaped 
fih»re-celis ; a fuller description of which will be given under 
the head of Muscular Tissue. 

The mucom^ vienibraTie of J(3ie.„8te|inach, wdiich rests upon 
a layer of loose cellular membrane, or submucous tissue, is 
smootli, level, soft, and velve^; of a pole pink colour 
during life, and in the contracted state is thrown into 
niimerauR, chiefly longitudinal, folds or rugm, wliich dis- 
api>ear wlien the organ is distended. 

; In its general structure the mucous membrane of tlie 
stomach resembles tliat of other parts (see Structure of 
Mu^xius Membrane). But there^ are certain peculiarities 
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fihared Avitb the mucous membrane of tho small and large 
intestines, whioh, doubtless, ^re connected with the peculiar 
functions, especdally those relating to absorption, which 
these parts of the alimentary canal perform. 

hmtering largely into the construction of the mucous mem- 
brane, especially in the superficial part of the corium, is a 
quantity of a very delicate, kind of connective tissue, called 
rrtifnnn tissue (fig. 72), or sometimes lymphoid or adenoid 
tissue, because it so closely resembles that which forms tho 
stroma, or supporting framework of lymphatic glan*ds (see 
Sec!tiou on Lymphatic Glands); the resemblance being 
made much closer by tlie facl^ that the interspaces of this 
retiform tissue are filled with corpuscles not to be distin- 
guished from lynipjj-corpuscles. 

At the deepest part of the mucous membrane, is a 
layer of unstriped muscular fibres, called the rnuscidaris 
wucoMC^ which must not be confounded with the layers of 
iiiusfle constituting the proper muscular coat, and from 
wlii(‘]i it is separated by the submucous tissue, the mws- 
ndaris mucoste is found in the sosophagus, as well as in 
the stomach and intestines. 

When examined with a lens, the internal or free surface 
of the stoinacli presents a peculiar honeycomb appearance, 
pr«)duoed by shallow polygonal depressions or cells (fig. 68), 
the diameter of which vaades generally from -^i^th to 
til of an inch ; but near the pylorus is as much as -i-^th 
of an inch. They are separated by slightly elevated ridges, 
which sometimes, especially in certain morbid states of the 
st(jmacli, bear minute, ntirrow, vascular processes, which 
look like villi, and have given rise to the erroneous suppo- 
sition that the stomach has absorbing villi, like those of 
the small intestines; In the bottom of the cells minute 
openings are visible (fig. 68), which are the orifices of per- 
pendicularly arranged tubular glands (fig. 69), imbedded side 
by side in sets or bundles, in the substance of the mucous 
membrane, and composing nearly the whole structure. 
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The glands which are found in the liuman stomach may 
i be divided into two classes, thfi , t itula r and l entic ular. 

Tubular glands. The tubular 
glands may he described as a col- 
lection of cylinders with blind ex- 
tremities, about ^‘.’fth of an inch in 
length, and in diameter, packed 

closely together, with their long axis 
at fight angles to the surface of tlie 
mucous membrane on which they 
open, their blind ends resting on the submucous tissue. 

F.-g. 69.+ . (‘‘^ee %. 6g.) Thfly 

H irf of composed of 

iniiivm- Jjasement inem- 

mouiln.\i»e. * 

hrane, and lined hy 
epithelial cells, hut 
o.wtHc they are not all 

tubojj, . .1 

of exactly snnilar 
shape ; for while 
Boine are simple 
Donwe straight tubes, o i>en 

areolar ^ , 

lixHuo. at one end and 

Submucous , , ^ . . 

tisMioof closed at the idher 
tuxtuie. (fig. 69), otliors 
Tran«vf»rso present ' at their 
tibioa. deeper extreinitu's 
Lunfirftfidimii a varicose, pouched, 

miiitcu fibres. 

Peritoneum, or in soiue cascs, 
even a hranclied appearance (fig. 70, h and c). I'lie 

* Pig. 68. Small ]»ortion of the snrfftoe of tbts muooib<{ moinhrano of 
thf «JAuuoch (fi'oin Ecker) — The specinieu ehows the shallow <i(‘- 
pi'easioiis, in ench of wkich the smaller dark siH)ts indicate llie orifmes 
of a variable nuniber of the gastric tubular glands. 

t Fig. O9. Porttou^of liiiinan stoinachjnsagnified 30 diaTMcNM’s. ent 
vertically, bt»th in a (liractiou parallel to its long si.\is, and across it 
(.'lUcrod from liriutou). 



Fig. 68 .* 



and continuous witli that whicli covers the free ‘mucotis 
surface of the rest of the stomach. In their lower part, on 
the other hand, it is of the variety called glandular or sphe- 
roidal, the cells being oval oi* somewhat angular, and 
about diameter. The cells, however, 

do not completely fill up the cavity of the gland which tliey 
line, but leave a slight, central, thr(»ad-like space, the im- 
mediate lining of which is a layer of small angular cells, 
continuous with the cylindrical epithelium in the upi)er 
portion of the tube, Tliis description will become plain on 
reference to fig. 71, w hich represents on a larger scale a 
longitudinal section of one of the glands depicted in fig. 69. 

♦ Fig. 70. The gastric gland.s of the luiman stomach (maguilied). 
Of, deep part of a pyloric gastric gland (from Kolliker) ; the cylindrical 
epithelium is traceahlo t<» the caecal extremities, b and c, cardiac 
gastric glands (from Allen Thompson) ; 6, vertical section of a small 
j>ortion’of the mucous membrane with the glunifs magnified 30 diameters ; 
(*, deeper port ion of one of the glands, magnified 65 diameters, showing 
a slight division of the tubes, and a sacculated appearance, ]irodiiceil 
by the large glandular cells within them ; 9eflular elements of the 
cardiac glands magnified 250 diamotorb. 
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In the greater number of the glands which are branched 
at their deeper extremities, then spheroidal epithelium exists 
in the divisions, while the main duct 
and the upper part of the brandies are 
lined by the cylindrical variety (tig. 
70, c). In the human stomach, ac- 
cording to Dr. Brinton, the simple un- 
divided tubes are the rule, and tlio 
branclied the exception. 

The varieties in tlie epithelial cells 
lining the different parts of the tubes, 
corresiM)!^ probably with differences 
in the fluid secreted by their agency — 
the cylinder-epithojium, like that ou 
the free surface of tlie stomach being 
juobably engaged in separating the 
thin alkaline mucus wJiieh is always 
present iu greater or less quantity, 
wdiile the larger glandidar cells probably secrete the proper 
gastric juice. « 

Near the pylorus there exist glands branched at their 
deep extremities, wliich are lined tltroughout by cylinder- 
epithelium (fig. ,70, a), and probably serve only for the 
secretion of mucus. 

All the tubular glands, while they open by one end into 
the cavity of the stomach, rest by their blind extremities 
on a bed or matrix of areolar tissue (fig. 69), whicli is 
I)rolonged upwards ^between them, so as to invest and 
su]jport tliem. 

Lenticular glands . — Besides the cylindrical glands, there 



^ Fif?, 71. Part of o|ts of the gastric glands, highly magudied, to 
show tiie arrangestx .st of the epithelium in its interior ; a, cohunniir 
cells lining the ]jirt of the tuliej 6, small angular cells, inl<» 

which those merge b^lowtoform a central A* axial layer within ; c, the 
juoper gastric or glandular cells (after jBiriutoii). 
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nre also small closed sacs beneath the surface of the 
mucous membrane, resemb\inp^ exactly the sulitarjf glanSs 
of the intestine, to be described hereafter. 'I’licir num- 
ber is very variable, and they are found chiefly along 
the lesser curvature of the stomach, and in the. pyloric 
region, but tliey may be present in any part of the organ. 
According to Dr. Hrinton they are rarely absent in (shildren. 
Their function probably resembles that of tlie intestinal 
solitary glands, but nothing is certainly known regarding it. 

Tile blood-vessels of the stomach, which first brbak up 
ill the submucous tissue, send branches upward between 
tlio closely packed glandular tubes, anastomosing around 
them by means of a fine capillary network witli oblong 
meshes. Continuous with this deeper plexus, or prolonged 
upwards from it, so to speak, is a more suppficial network 
of larger capillaries, which braiuh densely around the 
orifi<*o8 of the tubes, and form the framework on wdiich are 
nioulded the small elevated ridges of mucous membrane 
bounding tlio minute, polygonal pits before referred to. 
From this superficial network tljo veins chiefly take their 
origin. Thence passing down beUveen the tubes, with no 
very free connection with the deeper inter-tiibhlar capillary 
plexus, they ojien finally into the venous network in the 
submucous tissue. 

The nerves of the stomach are derived from the piicilmo- 
gastric and sympathetic. 

Secretion and Properties of the Gastric Fluid, 

AVliilo the stomach contains no food, and is inactive, no 
gastric filled is secreted; and mucus, w^hich is either 
neutral or slightly alkaline, covers its surface. But imme- 
diately on the introduction of food or otlier foreign sub- 
stance into the stomach, the raucous membrane, previously 
fpiito pale, becomes slightly turgid and reddened with the 
influx of a larger quaiiititjr of blood; *the gastric glands 
commence secreting activj^y, and an acid fluid is poui’td 
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Ojit in minute drops, which gradually run together and flow 
down the walls of the stomachy or soak into the suhstances 
introduced. The quantity of this fluid secreted daily has 
been variously estimated ; but the average for a healthy 
adult has been assumed to range from ten to twenty? 
in the twenty-four liours (Brinton). 

The first accurate analysis of the gastric fluid was 
made by Dr. Front : but it does not appear that it was 
collected in any large (Juantity, or pure and separate 
from Vood, until the time when Dr. Beaumont was 
enabled, by a fortunate circumstance, to obtain it from 
the stomach of a man named St. Martin, in whom there 
existetl, as the result of a gunshot wound, an opening 
leading directly into the stomach, near j^lie upper extremity 
of the great curvature, and three inches from the cardiac 
orifice. The external opening was situate two indies 
below the left mamma, in a line drawn from that part 
to the spine of the left ilium. The borders of the 
opening into the stomach, w'hich was of considerable size, 
had united, in healing, with the margins of the external 
wound, but the cavity of the stomach was at last sepa- 
rated from the exterior by a fold of mucous membrane, 
which projected from the upper and back part of the 
opening, and closed it like a valve, but could be pushed 
back with tlie finger. The introduction of any mechanical 
irritant, such as the bulb of a thermometer, into the 
stomac h, excited at‘ once the secretion of gastric fluid. 
Tliis could be di'awn off with a caoutchouc tube, and could 
often be obtained to the extent of liearly an ounce. The 
introduction of alimentary substances caused a much more 
rapid and abundant secretion of ^ pure gastric fluid than 
the presence of other mechaiiiiSd irritants did. No in- 
crease of temperature could be detected during the most 
active secretion ; the thermometer introduced into the 
stomach always stood at lOO® Pahr.> except during mus- 
cular exertion, wb.en the temperature of the stomach, like 
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that of other parts of the body, rose one or two degrees 
higher. . • 

M. Blondlot, and subsequently M. Bernard, and since 
then, several others, by maintaining fistulous openings into 
llie stomachs of dogs, have confirmed most of the facts 
discovered by Dr. Beaumont. And the man St. Martin 
lias frequently submittM to renewed experiments on his 
stomach by various physiologists. From all these obser- 
vations it appears, that pepper, salt, and other soluble 
stimulants, excite a more rapid discharge of gastric fluid 
than mechanical irritation does ; so do alkalies generally, 
but acids have a contraiy effect. When mechanical irri- 
tation is carried beyond certain limits so as to produce 
piiin, the secretion^v instead of being more abundant, 
diminishes or ceases entirely, and a ropy mueus is poured 
out instead. Very cold water, or small pieces of ice, at 
first render the mucous membrane pallid, but soon a kind 
of reaction ensues, the membrane becomes turgid with 
blood, and a larger quantity of gastric juice is poured out. 
The application of too much ice is dttended by diminution 
in the quantity of fluid secreted, and by consequent re- 
tardation of the process of digestion. The quantity of the 
secretion seems to be influenced also by impressions made 
on the mouth; for Blondlot found that when sugar was 
introduced into the dog’s stomach, either alone, or mixed 
with human saliva, a very small secretion ensued: but 
when the dog had himself masticated and swallowed it, 
the s<HTeti6n was abundant. 

Dr. Beaumont described the secretion of the human 
stomach as a clew transparent fluid., inodorous, a little 
saltish, and very perceptib ly, j yaid. Its taste is similar to 
.that of thin mucilaginous water, slightly acidulated with 
Wuriatic acid. It is readily diffusible in water, wine, or 
^spirits ; slightly effervesces with alkalies and is an effec- 
*tual solvent of the materia ^mmtaria. If* possesses the 
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proi)erty of coagulating albumen in an eminent degree; 
is powerfully antiseptic, checking the putrefaction of meat ; 
and effectually restorative of healthy action, when applied 
to old fcetid sores and foul ulcerating surfaces.” 

The chemical composition of the gastric juice of the 
human subject lias been particularly investigated by 
S(‘hniidt, a favourable case for his doing so occurring in 
the person of a jieasant named Catherine Kiitt, aged 35, 
who for three years hadTiad a gastric fistula under the left 
mammar}’^ gland, between the cartilages of the ninth and 
teutli ribs. 

Tiio fluid w’as obtained < by putting into the stomach 
some hard indigestible matter, as dry peas, and a little 
water, by which means the stomach ^vas excited to secre- 
tion, at theosame time that the matter introduced did 
not ooinpli(‘ate tlie analysis by being digested in the fluid 
secreted. The gastric juice w’fis drawn off through on 
elastic tube inserted into the fistula. * 

The fluid thus obtained was acid, limpid, and odourless, 
with a mawkish taste. ^ Its density varied from l *0022 to 
I *0024, Under the microscope a few cells from the gastric 
glanda' and some fine granular matter w*ere obseiyable. 

llie following table gives the mean of two analyses of 
the above-mentioned fluid ; and arranged by the side of it, 
for puqioses of comparison, is an analysis of gastric juice 
fxom tlie sheej) and dog. 
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Composition o/tOastric Juice, 



Human 

Sheep’s 

Hog’s 


Gastric Juice. 

Gastric Juice. 

Qastrics Juice. 

Wator .... 

99440 

986- 14 

971*17 

Sol 

id Coiistituents 

Ferment, Pepsin (with 

5-59 

13-85 

28*82 


a trace of Ammonia) . 

3**9 

4 ’20 

17*50 


1 Fyd roeliloric A cid 

0*20 

i' 5 S 

2*79 

Solids , 

(.'hlorido of Calcium 

006 

O'll 

1*66 

,, Sodium 

1*46 

4*36 

‘ 314 


„ Potiissiipn . 

Phosphate of Lime, 


1-51 

I 07 


!Mugucbia, and Iron . 

0*12 

2*09 
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111 all the above analyses the amount of»water given 
must be reckoned as rather ‘too much, inasmuch as a cer- 
tain quantity of saliva was mixed with the gastric fluid. 
The allowance, however, to bo made on this account is 
only very small. 

Considerable difference of opinion has existed concern- 
ing the nature of tlie free a<;id contained in the gastric 
juice, chiefly whether it is hydrochloric or lactic. The 
M'eight of evidence, however, is in favour of free hydro - 
i < hloric acid, being that to which, in the human subject, the 
1 *w*idityof the ga stric fluid is mainly due ; ‘although there 
is no doubt tliat others, as ‘lactic, acetic, butyric, are not 
unfrequently to be found tlierein. 

The animal matter mentioned in the analysis of the^gas- 
Ixic fluid is named pepsin, from its power in the process 
of digestion. It is an azotised substance, and is best pro- 
cured by digesting portions of the mucous membrane of 
the sloniach in cold water, after they have been macerated 
for some time in water at a temperature ^between 8o° and 
lOO ‘ y. The warm water dissolves various substances as 
well as some of the pepSin, ]^ut the cold ^ater takes up 
little else than pepsin, whiefli, on evaporating the cold 
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solution, is obtained in a greyisb-browu viscid fluid. The 
addition of algoliol throws* down the pepsin in greyish- 
white flocculi; and one part of the principle thus prepared, 
if dissolved in even 6o,000 parts of water, will digest meat 
and other alinientarj^ substances. 

The digestive jwicer of the gastric fluid is manifested in its 
softening, reducing into pulp, and jjartially or comx>letely 
dissolving various articles of food placed in it at a tempe- 
rature of from 90" to too''. ' This, its peculiar property, 
requires the presence of both the p epsin and tlie acid ; 
neither of them can digest alone, and when they are 
mixed, either the dccomjM>sitiou of the pepsin, or the 
neutralization of the acid, at once destroys the digestive 
])roperty of the fluid. For the perifeetion of the process 
also, certainiconditions are reciuired, which are all fonml 
in the stomach; namely (i), a temperature of about 
TOO® F.; (2), such movements as the |bod is subjected to 
by the muscular actions of tlie statnach, which bring in 
succession every part of it in contact with the mucous 
membrane, whence the'fresh g^istric fluid is being seci'eted; 
(3), the constant removal of those portions of food which 
are already digested, so that what remains undigested may 
be brought more completely into contact witli the solvent 
fluid ; and (4) a state of softness and minute division, such 
as that to which the food is reduced by mastication previous 
to its introduction into the stomas h. « 

The chief circumstances connected with the mode in 
which tlie gastric fluid acts ujxiu food during natural diges- 
tion, have been determined by w^atching its operations 
when removed from the stomach and placed in conditions 
as nearly as possible like those under which it acts while 
within that viscus. The fact that solid food, immersed in 
gastric fluid out of the body, and kept at a temperature of 
' about 100®, is gradually converted into a thick jB-uid similar 
nIso chyme, wajt sliown by Spallalizam, Dr, Stevens, Tiede- 
mann and Gmcliu and others. They used the gastric fluid 
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of dogs, obtained by causing the- animals to swallow small 
|)ioces of sponge, which were subsequently withdrawn, 
sioakcMl with the fluid — and proved nearly as much as the 
latter experiments of the same kind of gastric fluid by 
lUondlot, Bernard and others. But those need not bo 
l)arti(*ularly referred to, while we have the more satisfac- 
tor}" and instructive observations wliich Dr. Beaumont 
made with the fluid obtained from the stomach of St. 
Martin. After the man had - fasted seventeen hours, 
Dr. Beaumont took one ounce of gastric fluid, put into it a 
solid piece of boiled recently salted beef weighing three 
drachms, and placed the vessel .wkieli contained them in a 
water -bath heated to loo°. ‘‘ In forty minutes digestion 
had distinctly commenced over the surface of the meat; iji 
fifty minutes, the fluid had become quite lopaque and 
cloud}', the external texture began to separate and become 
l<»o.se; and in sixty minutes chyme began to form. At 
1 p.m.^’ (tw'O hours after the commencement of the expe- 
riment) ^‘tho cellular texture seemed to he entirely 
destroyed, leaving the muscular fibres loose and uncon- 
nected, floating about in small fine slu'eds, very tender and 
In six hours, they were nearly all digested — a few 
fibres only remaining. After the lapse of ten hours, every 
part of the meat was completely digested. The gastric 
juice, which was at first transparent, \yu» now about the 
colour of whqj^ and deposited a fine sediment of the cjolour 
of meat. A similar piece of beef was, at the time of the 
moncement of this experiment, suspended in the 
stomach by means of a thread : at the expiration of the^ 
first hour it was changed in about the same degree as the 
meat digested artificially ; but at the end of the second 
liour, it was completely digested and gone. 

In other experiments, Dr, Beaumont xtithdrew through 
the opening of the stomach some of the food which had 
])oen taken twenty minfttes jpreviously,* and which was 
completely mixed with the gastiic, juice. He continued 
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the digestion, which had already commenced, hy means of 
artificial heat in a water-bath. In a few hours the food 
thus treated was completely chymified ; and the artificjial. 
seemed in this, as in several other experiments, to be 
exactly similar to, though a little slower than, the natural 
digestion. 

The apparent identity of tho process in- and outside of 
the stomach thus manifested, while it shows that we may 
regard digestion as essentially a chemical process, when 
once the gastric fluid is formed, justifies the belief that 
Dr. Beaumont’s other experiments with the digestive fluid 
may exactly represent the ^modifications to which, under 
similar conditions, its action in the stomach would bo 
liable. He found that, if the mixture of food and gastric 
fluid were exposed to a temperature of 34° F,, the proc ess 
of digestion "was completely arrested. In another experi- 
ment, a piece of meat which had been toaoerated in water 
at a temperature of loo'^ for several days, till it acquired 
a strong putrid odour, lost, on the addition of some fresh 
gastric juice, all signs of putrefaction, and soon began to 
be digested. From other experiments he obtained the 
data for estimates of the degrees of digestibility of various 
articles of food, and of the ways in which the digestion is 
liable to be affected, to which reference will again be 
made. 

When natural gastric juice cannot be obtained, many 
of these experiments may be performed with an artificial 
digestive fluids the action of which, probably, very closely 
resembles that of tlie fluid secreted by the stomach. It is 
made by macerating in watei^ portions of fresh or recently 
dried mucous membrane of the stomach of a pig ^ or other 
omnivorous animal, or of the fourth stomach of the calf, 


* Thf poniofi of the stomach of tho pig for this purpose is that 
Htwcen tho canhhic aiul pyloric orifices ; the cardiac portion ai»pear8 
to fumisli the least active digestive fluid. 
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and adding to the infusion a few drops of hydrochloric 
acid — about 3*3 grains to h^lf an ounce of the mixture, 
according to Schwann. Portions of food placed in sikjIi 
fluid, and maintained with it at a temperature of about 
lOO“, are, in an hour or more, according to the toughness 
tif the substance, softened and changed in just the same 
manner as they would be in the stomach. 

The nature of the action by which the mucous mem- 
brane of the stomach and its secretion work tliese changes 
in organic matter is exceedingly obscure. The actibn of 
the pepsin may be compared with that of a f jrment, whi(;li 
at the sflcme time that it undergoes change itself, induces 
certain changes also in the organic mattei;s with whiidi it 
is in contact. Or ijs mode of action may belong to that, 
class of chemical processes termed catalytic,’’ in which 
a substance excites, by its mere presence, and without 
itself undergoing change as ordinary ferments do, some 
chemical ac-tion in the substances with wliich it is in 
contact. So, for example, spongy platinum, or charcoal, 
placed in a mixture, however voliiminous, of oxygen and 
hydrogen, makes them combine to form water ; and 
diastase makes the starch in grains undergo transforma- 
tion, and sugar is i)roduced. And tliat pepsin acts in 
some such manner appears probable from the very minute 
(piantity capable of exerting the peculiar digestive action 
on a large (piantity of food, and ai)parently witli little 
diminution in its aiitive power. The process difl'ers from 
ordinary fermentation, in being unattended with tlie for- 
mation of carbonic «icid, in not reciuiring the presence (d‘ 
oxygon, and in being unaccompanied by the production of 
now quantities of the active principle, or ferment. It 
agrees with the processes of both fermentation and organic 
catalysis, in that whatever alters the comp osition of j .he 
pepsin (such J J9 heat above ioo°. s tropg aK^i. or stron g 
acids), destroys the digestive power of tke fluid. 
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Changes of the Food in the Stomach, 

The general effect of digestion in the stomach is the 
conversion of the food into chyme, a substance of various 
composition according to the nature of the food, yet always 
presenting a characteristic thick, pultaceoiis, gruinous con- 
sistence, with the undigested portions of the food mixed 
in a more fluid substance, and a strong, disagreeable aci<l 
odour and taste. Its cohinir depends on the nature of tiie 
food,' or on tlie admixture of 3 'ello\v or green bile which 
may, apparenth', even in health, pass into the stomacli. 

Kecliu-ed into such a substance, all the various materials 
of a meal ina^; be mingled ‘together, and near the end of 
the digestive process hardly admit of recognition ; but the 
experiments of artificial digestion, ancf the examination of 
stomachs witli fistulaj, have illustrated many of Ihe changes 
through whicth the chief alimentary principles pass, and 
the times and modes in whicli they are severally disposed 
of. Ihese must now' be traced. 

The readiness with wdiich the gastric fluid acts on th<' 
several articles of food is, in some measure, determined by 
the 'state of division, and the tenderness and moisture of 
the substance presented to it. By minute division of tlie 
food, the extent of surface with wliich the digestive flni<l 
can come in contact is increasedj and its action proportion- 
ably accelerated. Tender and m,oist substances offer less 
re.sistfiTK^e to the action of the gastric juice than tougli. 
hard, and dry ones do, because they may be thorouglily 
penetrated by it, and thus be attacked not only at tlie 
surface, but at every part at once. ' The readiness with 
wdiicli a substance is a(3ted upon by the gastric fluid does 
not, however, necessarily imply the degree of its nutritive 
property; for a pubstahee may be nutritious, yet, on 
account of its toughness , and other qiialities, hard to 
mahyisoft, easily digested substances contain 
' coui’parativeiy a** small amount of nutriment But for a 
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^suDstance to be nutritive, it must be capable of beiii*; 
^similated to the blood ; ^nd to find its way into the 
blood, it must, if insoluble, be digestible by the gfistriu 
fltiid or some other secretion in the intestinal canal. There 
is, therefore, thus far, a necessary connection between the 
digestibility of a substance and its power of affording 
nutriment. 

3 hose portions of food wliich are liquid when talcen into 
tlie stomach, or wliich are easily soluble in the fluids 
therein, are probably at once absorbed by tlie blood- 
vessels in tlie mucous membrane of the stomach.. INIagen- 
die’s experiments, and better still, those of Dr. Heaumont, 
liave proved this quude absorption of water, wine, W'eak 
saline solutions, aij^d the like; tliat they are absorbed 
without manifest change by tlie digestive fluid, and that, 
gmierally, the water of 'such li<piid food as soups is 
absorbed at once, so that tlie substances suspended in it 
are concen(irated into a thicker material, like the chyme 
from solid food, before the digestive fluid acts upon them. 

Tlie actifui of the (jastrie fluid on ^he several kinds of solid 
food has been studied in various ways. In the earliest 
experiments, perforated metallic and glass tubes, filled 
with the alimentary substances, were iiitroducied into the 
fltomaclis of animals, and after the lapse of a certain time 
witlidravvn, to observe the condition of the contained sub- 
stances; but such experiments are fallacious, because 
gastric fluid has not ready access to the food. A better 
inetliod w'us practised in a series of experiments by Tiede- 
maim and Grnolin, who fed dogs with diflerent substances, 
and killed them in a certain number of hours afterwards, 
lint the results they obtained are of less interest than 
those of the experiments of Dr. Beaumont on liis patient, 
8t. Martin, and of Dr. Gosse, who kad the pow'er of 
vomiting at will. 

, Dr. Beaumont’s obsewations show, that the process of 
digestion in the stomach, during health, takes place so 
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rapidly, that a full meal, consisting of animal and vege- 
table substances, may nearly all be converted into chyme 
in about an hour, and the stomach left empty in two hours 
and a half. The details of two days’ experiments will be 
sufficient examples : — 

Exp. 42. — April 7th, 8 a.m. St. Martin breakfasted on 
three hard-boiled eggs, pancakes, and coffee. At half-past 
eight o’clock, Dr. Beaumont examined the stomach, find 
found a heterogeneous hiixture of the several articles 

slighfly digested At a quarter past ten, no part of 

the breakfast remained in the stomach. 

Exp. 43. — At eleven o’cfqck the same day, he ate two 
roasted eggs and three rij^e apples. In half an hour they 
were in an incii)ient state of digestion ^ and a quarter past 
twelve no vestige of them remained. 

Exp. 44. — At two o’clock p.M. the same day, he dined 
on roasted pig and vegetables. At three o’clock they were 
half chyrailied, and at half-past four nothing remained but 
a very little gastric juice. 

Again, Exp. 46. — April 9th. At three o’clock p.m. he 
dined on boiled dried codfish, potatoes, parsnq)^, bread, 
and drawn butter. At half-past three o’clock examined, 
and took out a, portion about half digested; the potatoes 
the least so. The fish was broken down into small 
filaments; the bread and parsnips were not to be dis- 
tinguished. At four o’clock, ejtamined another portion. 
Very few particles of fish remained entire. Some of the 
few potatoes were distinctly to be seen. At half i)a8t four 
o’clock, he took out and examined another portion ; all 
completely c^ymified. At five o’clock stomach empty, 
i Many circumstances besides tlio nature of the food ore 
■ apt to influence the process of chymification. Among them 
are, the quantity ^f fiK)d taken; the stomach should be 
' fairly filled, not distended : the time that lias elapsed since 
I the last meal, which should be ut least enough for the 
i Stomach to be quite clear of food : the amount of exercise 
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previous and subsequent to the .meal, gentle exercise being j 
favourable, over-exertion injurious to digestion ; the state 
of mind — tranquillity of temper being apparently essential ' 
to a quick and due digestion : the bodily health : the state \ 
of tile weather. Eut under ordinary circumstances, from , 
three to four hours may be taken as the average time 
occupied by the digestion of a meal in the stomach. 

Dr. Beaumont constructed a table ' showing the times - 
required for the digestion of all usual articles of food in 
St. Martin’s stomach, and in his gastric fluid taken from 
the stomach. Among the substances most quickly digested 
were rice and tripe, both of^ which were chymifiod in an 
hour; eggs, salmon, trout, apples, and venison, were 
digested in an hc;wr and a half; tapioca, barley, milk, 
liver, fish, in two liours; turkey, lamb, potatoes, pig, in 
two hours and a half; beef and mutton required from 
ihree hours to three and a half, and both were Inoro 
digestible tliaii veal ; fowls were like mutton in their degree 
of digestibility. Animal substances were, in general, con- 
verted into chyme more rapidly than vegetables. 

Dr. Beaumont’s experiments w ere all made on ordinary 
articles of food. A minuter examination of the changes 
] produced by gastric digestion on various tissues lias been 
uiado by Dr. llawdtz, wdio examined microscopically the 
product of tlie artilicial digestion of different kinds of 
food, and the contents of the fccces after eating the same 
kinds of foo<l. The general results of his examinations, 
as regards animal food, show that muscular tissue breaks 
uj) into its constituent fasciculi, and. that these again are 
divided transversely ; gradually the transverse etrim become 
indistinct, and then disappear ; and finally, the sarcolemma 
seems to be dissolved, and no trace of the tissue can be 
found in the chyme, except a few fipg g ments of fibres. 
These changes ensue most rapidly in the flesh of fish and 
hares, less rapidly in that df poultry tod other animals. 
The cells of cartilage and fibiib-cartilage, except those of fish, 



284 


DIGESTION. 


pass unchanged through the stomacli and intestines, and 
may he found in the faeces. The interstitial tissues of tliese 
structures are converted into pulpy textureless substances 
in the artificial digestive fluid, and are not discoverable in 
the froces. Eiastip-flbres are unchanged in the digestive 
'I fluid. Fat-celb are sometimes found quite unaltered in the 
I fivces : and ciy’stals ofjpholesterin may usually bo obtained 
^ from^ fmees, esj^ecially after the use of j)ork fat. 

As regards vegetable substances, Dr. llawitz states, that 
he frequently found large quantities of cell-inembranes un- 
changed in the finces ; also stoch-cells, commonly deprived 
of only part of their content^, Tlie green colouring priu- 
^ciple, chlorophyll, was usually unchanged. The walls of 
the sap-vcssols and spiral vessels were iquite unaltered by 
the digestive , flui<l, and w*ere usually found in large 
quantities in the fioces ; their contents, probably, were 
removed. 


F roin those experiments, we may understand the structural 
changes which the chief alimentary substances undergo in 
their conversion intochjwie; and the proportions of eacli 
Arhicli are not reducible to cliyme, nor capable of any 
further act of digestion. Tlie chemical changes undergone 
ill an<i by the proximate principles.-aro loss easily traced. 

Of the albimiuom principles, some, a s the casein of milk , 
are c oagul ated by the acid of the and thus, 

before they are digested, come into the condition of tlie 
other solid princqdes of the food. TJiese, including solid 
albumen and fibrin, in the same proportion that they are 
broken tip and anatomically disorganized by tlie gastric 
fluid, appear tb be reduced or lowered in their chemical 
conqiosition, Tliis chemical change is probably >produced, 
as suggested by Dr. Prout, by the principlee entering into 
coiubination with ^ter. It is sufiicient to conceal nearly 
all their characteristic properties ; the albitmen is jwn^ered 
seemly eoagulabltf by hea^^ t he fee latin, even when its 
solution is evaporated, does not cqugeaji in.. coolings the 
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fihrin and casein cannot be found by their characteristic 
tests. It would seem, indeed, that all these various sub- 
stances are converted into one and the same principle, a 
low form of albumen, ]iot i^recipitablo by nitric ac id or heat, 
and now generally termed albummose or peptone^ from wliich, 
after being abKSorbed, tliey are again raised, in the elabora- 
tion of the blood, to which they are ultimately assimilated. 

The change of molecular constitution suffered by tlie 
albuminous parts of the food, in consequence of the action 
of the gastric juice, has an important relation to their 
absorption by the blood-vessels of the stomach. -From the 
condition of ^colloids,' or substances, so named by Profes- 
sor Graham, which are absorbed with extreme difficjulty, 
they apjjear, from toxperimenf s of Funke, to assume to a 
great degree the character of ‘ crystalloid^,’ which can 
pass through animal lueiubrancs with ease.^ 

\Miatevor be the mode in which the gastric secretion 
affects these princdplcs, it, or something like it, appears 
essential, in order that they may be assimilated to the 
blood and tissues. For, when Bowiard and DaiToswil in- 
jected albumen dissolved iaAvater into the jugular veins 
of dogs, they always, in about three hours alter, found it 
in the urine. But if, juevious to injection, it was mixed 
with gastric fluid, uo trace of it could be' detected in the 
urine. The mflnence of the liver seems, to bo almost as 
ollfcacious as that of the gastric fiiiid, in rendering albu- 
men assimilable ; for Bern^d found that, if diluted egg- 
fiTfuimoii, iinmixed with gastric fluid, is injected into the 
portal vein, it no longer makes its api)earance in the urine, 
and is, therefore, no doubt, assimilated by the blood. 

Probably, most of the albuminose, witlx other soluble 
and fluid materials, is absorbed directly from the stomach 
by the minute blood'-vesseie with whicli*the mucous mem- 
brane is so abundantly supplied. 


* These tenns will be lui'tliur explaiuc d and illustrated in the Cliapter 
on Absorption. ^ 
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The saccharine including the amylaceous j>rinciple8 are at 
first, probably, only mechanically separated from the vege- 
table substances within w’hich they are contained, by the 
action of the gastric fluid. The soluble portions, viz., 
dextrm and sugar, are probably at once absorbed. The 
insoluble ones, viz., starch and lignin, (or some parts of 
them) are rendered soluble and cax)able of absorption, by 
being convert^^ into dextrin or grape-sugar. It is pro- 
bable that this change is carried on to some extent in 
the stomach; but this conversion of Btarch into sugar is 
effected, not by the gastric fluid, but by the sjdjva intro- 
duced with tlie food, or subsequently swallowed. The 
transformation *of starch is continued in the intestinal 
canal, as wdll be shown, by the secretion of the pancreas, 
and perhaps by that of the intestinal glands and mucous 
membrane. The power of digesting uncooked starch is, 
however, very limited in man and Carnivora, for when 
starch has been taken raw, as in corn and rice, luige 
quantities of the granules are i)assed unaltered w'ith the 
excrements. Cooking, • by expanding or bursting the 
envelopes of the granules, renders their interior more 
amena1:>le to the action of the digestive organs ; and the 
abundant nutriment furnished by bread, and the largo 
proportion that is absorbed of the w’eight consumed, afford 
proof of the completeness of their power to make its sttirch 
soluble and prepare it for absorption. 

Of the oleaffinom principles , — as to tlieir changes in the 
stomach, no more can be said than that they appear to be 
reduced to minute particles, and pass into the intestines 
mingled with ilie othe^ constituents of the chyme. In the 
case of the solid fats, this effect is probably produced by 
the solvent action of the gastric juice on the areolar tissue, 
albumuious (jell-wldls, &o*, which enter into their com- 
position, and by the solution of which the true fot is able 
to tningle more^ uidformly with tile other constituents of 
the chyme. Being further changed in the intestinal canal, 
rendered capable of absorption by the lacteals. 
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Movements of the Stomach. 

It has been already said, that the gastric fluid is assisted 
in accomplishing its share in digestion by the movements 
of the stomach* In granivorous birds, for example, the 
c;ontraction of the strong muscular gi^ard affords a neces- 
sary aid to digestion, by grinding and triturating the 
hard seeds which constitute part of the food. But in the 
stomachs of man and Mammalia the motions of the mus- 
cular coat are too feeble to exercise any such mechanical 
force on the food ; neither are they needed, for mastication 
has already done the mechanical work of a gizzard ; and 
the experiments of lloaumur ^nd Spallanzani have demon- 
strated that substances enclosed in perforated tubes, and 
consequently protected from mechanical influence, are yet 
digested. ^ 

The normal actions of the muscular fibres of the human 
stomach appear to have a three-fold purpose; first, to 
adapt the stomach to tlie quantity of food in it, so tliat its 
walls may^be in contact with the food on all sides, and, at 
the same time, may exercise a (iertain amount of com- 
pression upon it; secondly, to keep the orifices of the- 
stomach closed until the food is digested ; and, thirdly, to 
perform certain peristaltic movements^ whereby the food, 
as it becomes chymified, is gradually propelled towards, 
and ultimately through, the pylorus. In accomplishing 
til is latter end, the movements without doubt materially 
contribute towards effecting a thorough intermingling of 
the food and the gastric fluid. 

When digestion is not going on, the stomach is uniformly 
contracted, its orifices not more firmly than the rest of its 
walls ; but, if examined shortly after the introduction of 
food, it is Jound closely encircling its contents, and its ori- 
fices are firmly closed like sphincters. 'She cardi^^c^ifice, 
every time food is swallowed, opens to admit its passage 
to the stomach, and imniediately again olhses. The PX^STic 
orifice, during the first part of gastric digestion, is usUjally 
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80 completely closed, that even when the stomach is sepa- 
rated from the intestines, non© of its contents escape. But 
towards the termination of tlie digestive process, the 
pylorus seems to offer less resistance to the passage of 
substances from the stomach ; first it yields to allow the 
successively digested portions to go through it ; and tlien 
it allows the transit of even undigested substances. 

From tlie observations of Dr. Beaumont on the man St. 
Martin, it ai)pears that food, so soon as it enters the 
stomach, is subjected to a kind of peristaltic action of tlio 
muscular coat, whereby tlie digested portions are gradually 
approximated towards the j^dorua. The movements were 
observed to increase in rapidity as tlie procesa of cbymitica- 
tion advanced, and were continue<l until it wa.s completed. 

The contraction of the fibres situated towards the pyloric 
end of the stomach seems to be more energetic and more 
<lecidedly peristaltic than those of the cardiac portion. 
I'hus, Dr, Beaumont found that when the bulb of the 
ihermometer was placed about three inches from the 
pylorus, it was tightly •orabracod from time to time and 
drawn towards the pyloric orifice for a distance of three or 
four inches. The object of this movement appears to be, 
as just said, to carry the food towards the pylorus as fast 
as it is formed into chyme, and to propel the chyme into 
the duodenum j the undigested portions of food being 
kept back until they are also reduced into chyme, or until 
all that is digestible has passed out. The action of these 
fibres is often seen in the contracted state of the pyloric 
])ortion of the stomach after death, when it alone is con- 
tracted and firm, while the cardiac portion forms a dilated 
sac. Sometimes, by a predominant action of strong circular 
fibres placred between the cardia and pylorus, the two i)or- 
t ions, or ends as thdy are called, ot the stomach, are separated 
from each other by a kind of , hour-glass contraction. 

The interestijig* researches of fir. Brinton have clearly 
estahli^ed that, by means of th:^ peristaltic action of the 
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muscular coats of the stomachy not merely is chymified 
food gradually prppeUed through the pylorus, but a kind 
of double current is continually kept up among the con- 
tents of the stomach, the circumferential parts of the mass 
being gradually moved onward towards the pylorus by 
the peristaltic contraction of the muscular 'fibres, while the 
central portions are propelled in the opposite direction, 
namely, towards the cardiac orifice ; in this way is kept up 
a constant circulation of the contents of the viscus, highly 
conducive to their free mixture with the gastric fluid and 
to their ready digestion. 

These actions of the stomach are peculiar to it and inde** 
pendent. But it is, also, adapted to act in concert with 
the abdominal muscles, in certain cirumstances which can 
hardly be called abnormal, as in vomiting and eructation. 
It has indeed l)een frequently stated that the stomach 
itself is quite passive during vomiting, and that the ex- 
pulsion of its contents is effected solely by the pressure 
exerted upon it when the capacii^y of the abdomen is 
diminished by the contraction of thq diaphragm, and sub- 
sequently of the abdominal muscles. The experiments 
and observations, however, which are supposed ' to confirm 
this statement, only show that the contraction of the abdo- 
minal muscles alone is sufficient to expel matters ffom an 
unresisting bag through the oesophagus ; and that, under 
very abnormal circumstances, the stomach, by itself, cannot 
or rather does hot expel its contents. They by no means 
show that in ordinary vomiting the stomach is passive ; 
and, on the other hand, there are good reasons for believing 
the contrary. ^ 

It is true that facts are wanting to demonstrate with 
certainty this acticm of the stomach in vomiting ; but isome 
of the cases of fistulous opening into the organ appear 
to support the belief that it does take place;* the 
■ — ^ 

* A collection of oases of fistulouit^ommu&ication stomach, 

throng the abdominal parietes^ has beo!> by !br. Kurchisun in 
vol. xlL pjC the Medico-Chimrgicid Ttpsnsactiona. 17 
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analogy of tHe case of the stomach with that of the other 
hollow viscera^ as the rectuin and bladder, may be also 
cited in confirmation. 

Besides the infiuence which it may thus have by its con- 
traction, the stomach also essentially contribute to the act 
of vomiting, by the contraction of its pyloric orifice at the 
same time^'that the oblique fibres around the cardiac orifice 
are relaxed. For, until the relaxation of these fibres, no 
vomiting can ensue; wlibn contracted, they can as well 
resist all the force of the contracting abdominal and other 
muscles, as the musclds by which the glottis is closed can 
resist the* same force in the act ' of straining. Doubtless 
we may refer .many of the acts of retching and ineffectufil 
attempts to vomit, to^ the want of gonoordt between the 
relaimtion <^f these muscles and the contraction of the 
others. 

The mtiscles with which the stomach co-bperates in con- 
traction during vomiting, are chiefly and primhrily those 
of the abdomen; tlie diaphragal also acts, but not as the 
muscles of the abdominal walls do. They contract and 
compress the stomach more and more towards the back 
and upper parts of the diaphragm ; and th|^ ^aphragm 
(which is uBua^y drawn down in the deep inspiration that 
proo^es eaeh act of vomiting) l^lds itself fixed in contrac- 
tion, and presents an unyieldiog sidrfacb agahist which the 
stomach iday be pressed. It is enabled to thus, and pro- 
bably only thus, because the inspiration wmch precedes the 
act oi vomiting is terminated by the closure of the glottis ; 
after which the diaphragm can iaeither descend further, 
except by expanding the air in the ItJ^gs, nor, except by 
compreslmfl^the air, ascend again until, the act of vomiting 
havings ceased, the glottis is opened agt^ (see.diagram, 
p. 23 ij; «eealso#p,.^33). 

Bomb persona pOBeess the powieir of yomiting at irill, 
with<mt applying any undue irritation to the stomaiphfobut 
simply by>Ev Wuni^ effort. It eeeinii that this 
Jpower tnoy be acq^e^ hy those who do^nbi pa^uralljr 
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possess it, and by continual practice may become a habit. 
There are cases also of rare occurrence in which persons 
habitually swallow their food hastily, and nearly unmasti- 
cated, and then at their leisure regurgitate it, piece by 
piece, into tibieir mouth, remasticate, and again swallow it, 
exactly as is done by the ruminant order of Mammalia. 

Influence of the Nervous System on Gastric Digestion, 

This influence is manifold; and is evidenced, in the 
sensations which induce to the taking, of food; 2»d, in the 
secretion of the gastric fluid; 3r^2, in, the movements of the 
food in and from the stomach. ^ . 

The sensation of hunger is manifesited in consequence of 
deficiency of food in® the system. The mind . refers the 
sensation to the stomach ; yet since the sensation is relieved 
by the introductiomsof food either into the stomach itself, 
or into the blood through 'other channels than the stomach, 
it would appear not to depend on the state of the stomach 
alone. This view is confirmed by the fact, that the divi- 
sion of both pneumogastric nerves, which are the principal 
channels by which the mind is cognisant of the. condition 
of the stomadi, does not appear to allay the sensations of 
hunger. 

But <that the stomach some shape in this sensation 
is proved by the rdief afibrded, though only temporarily, 
by the introductlbn qf even non-alimentary substances into 
this organ. It may, therefore, be said that the sensation 
of hunger is derived from the system generally, but chiefly 
from the condition of the stomach, the nerves of which, 
we may suppose, are more affected by the state o||^he in- 
sufficiently replenished blood than those of othmf' brgans 
are. ^ ‘ 

The sensation of thirsty indioating tite want of fluid, is 
referred to the fkuces, although, as in hunger, this is 
merely the local declaration of % general condition existing 
in the system. For thirst is rwoved folp only A ^ery short 

V 2 
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time by moistening the dry fauces ; but may be relieved 
completely by the introduction of liquids into the blood, 
either through the stomach, or by injections into the 
blood-vessels, or by absorption from the surface of the 
skin or the intestines. The sensation of thirst is per- 

( ceived most naturally whenever there is a disproportion- 
ately small quantity of water in the blood: as well, 
therefore, when water has been abstracted from the blood, 
as when saline or any ft)lid matters have been abundantly 
added to it. We (^n express the fact (even if it be not 
an explanation of it), by sajdng that the nerves of the 
mouth and fauces, through which the sense of thirst is 
chiefly derived, are more sensitive to this condition of the 
blood than other nerves are. And* the cases of hunger 
and thirst are not the only ones in which the mind derives, 
from certain organs, a peculiar predoijainant sensation of 
some condition affecting the whole body. Thus, the sensa- 
tion of the necessity of breathing,^’ is referred es 2 )ecialiy 
to the lungs ; but, as VolkmEinn's experiments shoAv, it 
depends on the condition of the blood, which circulates 
everywhere, and is felt even after the lungs of animals 
are removed; for they continue, even then, to gasp and 
manifest the sensation of want of breath. Aq4, as with 
respiration when the lungs are removed, the mind may 
still feel the body’s want of breath; so in- hunger and 
thirst, even when the stomach has been«^led with innu- 
tritions substances, or the ^neumogastric nerves have 
been divided, and the mouth and fauces are kept moist, 
the mind is still aware, by the more obscure seusations in 
other |arts, of the whole body’s need of food and 
, water. . 

The influence of the nervous system on the secretion^of gastric 
fitdd, IB shown plainly enough ilk the influence of the mind 
i^n digestion in the stomach ; and is, x§ this regard, well 
fliustrated b^y 'several of Dr.* Beaumont’s observations. 
Bernard also, watelung the act of gastric digestion in 
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dogs which had fistulous openings into their stomachs, 
saw tluit on the instant of dividing their pneumogastrio 
nerves, the process of digestion was stopped, and the 
mucous membrane of the stomach, previously turgid with 
blood, became pale, and ceased to secrete. These, how- 
ever, and the like experiments shoeing the instant effect 
of division of the pneumogastrio nerves, may prove no 
more than the effect of a severe shock, and the fact that 
influences affecting digestion may be conveyed to the 
stomach through those nerves. From other experiments 
it may be gathered, that although, as in M. Bernardos, 
the division of both pneumog^astric nerves always tem- 
porarily suspends the secretion of gastric fluid, and so 
arrests the process o&digestion, and is occasionally followed 
by death irom inanition ; yet the digestive powers of the 
stomach may be completely restored after the operation, 
and the formation of chyme and the nutrition of the animal 
may be carried on almost as perfectly as in health. 

In thirty e&periments on Mammalia, which M. Wem- 
scheidt performed under Muller’s direction, not the least 
difference could bo perceived in the action of narcotic 
poisons introduced into the stomach, whether the pneu- 
mogastrio had been divided on both sides or not, provided 
the animals were of the same species and size. It appears, 
however, that such poisons as are capable of being 
rendered inert ,]t)y the action of the gastric fluid, may, if 
taken into the stomach shortly after division of both 
pneumogastrio nerves, produce their poisonous effects; 
in consequence, apparently, of the temporary suspension 
of the secretion of gastric fluid. Thus, in one of his 
experiments, M. Bernard gave to each of two dog6, in one 
of which he hftd divided the pneumogastrio nerves, a 
dose of emulsine, and h^f an hour afterwards a dose of 
amygdaline, substances which are innocent idone, but 
when mixed produce hydxo^Bmc acid. • The dog whose 
nerves were cut, died in a quarter of an the sub- 
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stances being absorbed unaltered and mixing in the blood ; 
in the other, the emnlsine wap decomposed by the gastric 
fluid before the amygdaline was administered ; therefore, - 
hydrocj'anic acid was not formed in the blood, and the dog 
survived. 

The influence of the pneumogastrio nerves over the 
secretion of gastric fluid has been of late even more de- 
cidedly shown by M. Bernard, who found that galvanic 
stimulus of these nerves *bxcited an active secretion of the 
fluid, while a like stimulus applied to the sympathetic 
nerves issuing from the semilunar ganglia, caused a dimi- 
nution and even complete %rrest of the secretion. 

The influence of the nervous system on the movements of the 
stomach has been often seen in the* retardation or arrest 
of these m<^vements after division of the pneumogastric 
nerves. The results of irritating the same nerves were 
ambiguous; but the experiments of Longet and Bischofl 
have shown that the diflbrent results depended on whether 
the stomach were digesting or not at the timebf the experi- 
ment. In the act of digestion, the nervous system of the 
stomach appears to participate in the excitement which 
prevails through the rest of its organization, and a stimulus 
applied to the pnettmogastric nerves is felt intensely, and 
active movements of the muscular fibres of the stomach 
ibUow ; but in the inaction of fasting, the same stimulus 
produces no effect. So, while the stomach is digesting, 
the pyloi^ ip too irritable to allow anything but chyme to 
pass ; but when .digestion is ended, the undigested parts of 
the food, and even large bodies, coins, and the like, may 
pass through it. * 

f 

Diget^m.qf the Stomach afUr 

If an aiuiaal 4i& during the ptoeees of .gUteio digestion, 
said »hen, ih^^ore, a quapti^ df gaetriq jtdce is present 
ih''’the interior of the dtomacfa, the walls 'of this organ itself 
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are frequently themselves acted on by their own secretion, 
and to such an extent, that a perforation of considerable 
size may be produced, and the contents of the stomach 
may in part escape into the cavity of the abdomen. 
This phenomenon is not unfrequently observed in pout- 
vwrtem examinations of the human body; but, as Dr. 
Tavy observes, the effect may be rendered, by experi- 
ment,^ more strikingly manifest. If, for instance,” 
he remarks, an animal, as a rabbit, be killed at a 
iperiod of digestion, and afterwards exposed to artiAcial 
warmth to prevent its temperature from falling, not 
only the stomach, but many of the surrounding parts 
will be found to have been dissolved. With a rabbit 
killed in the evening, and placed in a warm situation (i 00^ 
to no® Fahr.) during the night, I have^seen in the 
morning, the stomach, diaphragm, part of the liver and 
lungs, and the intercostal muscles of the side upon wliich 
tlie animal was laid all digested away, with the muscles 
and skin of neck and upper extremity on the same 
side also in a semi-digested state.” » 

From these facts, it becomes an interesting question why, 
during life, the stomach is &ee from liability to injury 
fi'om a secretion, which, after death, is capable of such 
destructive effects ? John Hunter, who particularly drew 
attention to the phenomena of post-mortem digestion; ex- 
plained the immunity from injury of the living stomach, 
by referring it ta the protective influence of the " vital 
princijjj^.” But this dictum has been called in question by 
subsequent observers. It is, indeed, rather a statement 
of a fact, than an explanation of its cause. It must be 
confessed, however, that no entirely satisfactory theory has 
been yet stateiii aa a substitute. 

It is only necessary refer to the idea of Bernai;d, that 
the living sumach finds jgrotection firom its secretion in the 
presence of egithejj|uin wh^^are constantly, 

renewed in Uxe same degrest^ that they'are conetontly dis- 
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solved, in order to remark that this theory has been 
disproved by experiments o£ Pavy*s, in which fche mucous 
membrane of the stomachs of dogs was dissected off for a 
small space, and; on killing the animals some days after- 
wards, no sign of digestion of the stomach was visible. 
“ Upon one occasion^ after removing the mucous mem- 
brane and exposing the muscular fibres over a space of 
about an inch and a half in diameter, the animal was 
allowed to live for ten dhys. It ate food every day, and 
seemed scarcely affected by the operation. Life was des- 
troyed whilst digestion was being carried on, and the lesion 
in the stomach was found ve^ nearly repaired : new matter 
had been deposited in the place of what had been removed, 
and the denuded spot had contracted to much less than its 
original dimensions.’^ 

Dr. Pavy believes that the natural al||:alinity of the 
blood, which circulates so freely during life in the walls of 
the stomach, is sufilcient to neutralize the ^idity of the 
gastric juice, were it, so to speak, to make an attempt at 
digesting ports with wluoh it has no business ; and as may 
be gathered firom what has been previously said (p. 283), 
the nei^tralization of the acidity of the gastric secretion is 
quite sufficient to destroy its digestive powers. He also 
very ingeniously argues that this very alkalinity must, from 
the conditions of the circulation natiirally existing in the 
waffs of the stomach, be increased in proportion to the 
need of its protective influence. ** In the arrangement of 
the vascular supply,” he remarks, . a doubly efiective 
barrier is, as it were, provided. The vessels pass from 
below upwards towards the surface capillaries having 
this direction ra^iify between the tubules, by which the 
^id of the gastric juice is secreted ; aifd heiiig separated 
by secretion below^ must leave the blood that ,is proceeding 
upwards correspOs^iHigly increased in affcalinily ; and thus, 
at j&e period when the largest amotmt of faud is flowing 
into the atomaelt and the greatest protectioa is required^ 
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then is the provision afforded in its highest state of 
efficiency.** • 

Dr. Pavy's theory is the best and most ingenious hitherto 
framed in connection with this subject; 'but the experi- 
ments adduced in its favour are open to many objections, 
and afford only a negative support to the conclusions they 
are intended to prove. The matter, therefore, can scarcely 
be considered finally settled. 

DIGESTION IN THE INTESTINES. 

The intestinal canal is divided into two chief portions, 
named, from their differences in diameter, the small and 
large intestine. These are continuous with eacli other, and 
communicate by means of an opening guarded by a* valve, 
the ileo-c(Bcal valve, which allows the passage of the pro- 
ducts of digestion from the small into the large bowel, but 
not, under ordinary circumstances, in the opposite direction. 

The structure and functions of each organ or tissue con- 
cerned in ^intestinal digestion will be first described in 
detail, and afterwards a summary will be given of the 
changes which the food undergoes in its passage through 
the intestines, ist, from the pylorus to the ilea-csecal valve ; 
and, 2iid, from the ileo-cmcal valve to the anus. 

Structure aiid Secretions of the Smcdl Intestine, 

The small intestine, the average length of which in an 
adult is about twenty feet, has been divided, for conve- 
nience of description, into three portions, viz., the 
denimy which extends for eight or ten inches beyopd the 
pylorus ; the jejunum^ which occupies two-fifths, and the 
ileum^ which occupies three-fifths of the rest of the canal. 

The small' intestme, like the stomach, ie constructed of 
three princi^ coats, viz., the serous, muscular, and 
mucous. The sero^ coat, formed by th*e visceral layer of 
the peritoneum, heed not be here specially described. The 
fibres of the mmcutttr dbat^^of the small* intestine are ar- 
ranged ih two layers; thdiw of the outer layer being 
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disposed longitudinally; those of the inlier layer trans- 
versely, or in portions of circles encompatssing the canal. 
They are composed of the unstriped kind of muscular fibre. 

* Between the mucous and muscular coats, there is a layer 
of subinucous tissue, in which numerous blood-vessels and a 
rich plexus of nerves and ganglia are imbedded (Meissner). 

The mmous membrane is the most important coat in 


Fig. J2. 



relation to the function of 
digestion. The following 
structures which enter into 
the composition of the mu- 
cous membrane may be 
\ now successively described; 
( — the ^alvul(B conniventes 
the villi; and the glands. 
The general structure of the 
mucous membrane of the 
intestines resembles that 
of the stom^h (p. 266), 
and, like it, is lined on its 


inner surface by golumnar epithelium. Lymphoid or Hetiform 
tissue (fig. 72) enters largely into its construction ; and on 
its deep surface is a layer of the mmcularis mucosa (p. 276). 


Vahida Conniventes, 

The valvulm conniventes commence in the duodenum, 
about 6ne or two inches beyond the pylonm, and becoming 
larger and more numerous immediately l^ond the en- 
trance of the bile-duct, continue thicklj arranged and well 
developed throughout the jejunum ; then, gradually 
diminishing in sixe and number^ they cease near the 

* fig. 72 , The figvue iepreeeal» a crosS S6ctu>i|pf a small fhigment of 
the mucous membrane, including one enths, br^t of ^oberktthu and 
parts of eeviiral otherii : a, cavity of the tt|)bular glAnd|9 or,ciyi»ts ; b, one 
of the litthfcg, epithelial cells ; c, the lympho^ or retifom spaces, of 
whipb some arc empty, and othero ot^apied by firmph celli*, as at d. 
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middle of the ileum. In siructure tliey are formed by a 
doublings inwards of the mueous membrane, the crescentic, 
nearly circular, folds thus formed being arranged trans- 
versely with regard to the axis of the intestine, and each 
individual fold seldom extending around more than ^ or ^ 
of the bowels circumference. Unlike the rugm in the 
stomach, they do not disappear on distension. Only an 
imperfect notion of their natural position and function can 
be obtained by looking at them after the intestine has been 
laid open in the usual manner. To understand them 
aright, a piece of gut should be distended either with air 
or alcohol, and not opened u^til the tissues haM become 
hardened. On then maMng a section, it may be seen that 
instead of disappejSring, as the rugeo in the stomach would 
under similar circumstances, they stand out gt right angles 
to the general surface of the mucous 
membrane (fig. 73), Their fimctions 
are probably these — Besides (i) offer- 
ing a larg^y increased surface for 
secretion and absorption, they proba- 
bly (2) prevent &e too rapid passage 
of the very liquid products of gastric 
digestion, immediately after.,.their es- 
cape from the stomach, jand (3), by 
their projection, and consequent inter- 
ference with an uniform and untrou- 
bled current of intestinal cont^ts, 
probably assist in, th$ more., perfect 
mingling of the latter. mtl;i tiie secre- 
tions poured out to act on them. 

Glands of the Small Int^tine , — ^The glands of three 

principal kinds, named after their describers, the glands of 
Lieberkuin; of Pnjw, and of Brunn. *The glands or foU 

♦ Fig. 73. Piece of small intestine (previously distended and hardened 
by alcohol) laid open to show tht Wmal position the valvnlee con- 
niventes. 



300 DIGESTION. 

licJes of Lieherhuhn are simple tubular depressions of 
tlie intestinal mucous membrane, thickly distributed over 
Fig 74 * whole surface both of the large and small 
intestines. In the small intestine they are visible 
only with the aid of a lens ; and their orifices 
appear as minute dots scattered between tlie villi. 
They are lai^er in the large intestine, and 
increase in size the nearer they approach the anal 
end of the intestinal! tube ; and in the rectum their 
orifices may be visible to the naked ej’^e. In 
length they vary from ^’,5^ to Vo of a line. Each 
tubule (fig. 74) is constructed of the same. essential 
parts as the intestinal mupousLjpfie^hrane, viz., 
n fine structureless memhranfh or base- 

ment jnembrane, a layer of cylindrij^al epithelium 
lining it and capill^ blo^-veMeU covering its exterior. 
Their contents appear to vary, even in health ; the varieties 
being dependent, ptobably, on the period of time in rela- 
tion to digestion at which they are examined. At the 
l>ottom of the follicle, •the contents usually consist of a 
granular material, in which a few cytoblasts or nuclei 
are imbedded; these cytoblasts, as they ascend towards 
the i^urface, are supposed to be gradually developed into 
nucleated cells, some of which are discharged into the 
intestinal cavity. The purpose served by the ^material 
secireted by these glands is still doubtful. Their large 
number and the extent of surface occupied by them, seem, 
however, to indicate .that they are concerned in other and 
higher offices than the mere production of fluid to moisten 
the surface of the mucohs membrwe, although, doubtless, 
this is one of their functions* 

The glands of Peyer oc(^r^e:^nw jn intes- 

tme. They are found in greatest 'abundance in the lower 
part of the ileum to the ileo-ceccal valve. They are 


Fig. 74. A gland of 
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met with in two conditions, ^iz., either scattered singly, 
in wlxich case they are termed glandulcB solitarim, or aggre- 
gated in groups varying from one to three inches in length 
and about half-an-inch in width, chiefly of an oval form , 
their long axis parallel with that of the intestine, lii this 
state, they are named glandida agmbiat^ the groups being 
commonly called Peyer's patches (fig. 75). The latter are 
placed almost always opposite the attachment of the 
mesentery. In structure, and probably in function, there 
is no essential difference between the solitary glands and 





the individual bodies of which each group or patch is 
made up ; but the surface of the solitary glands (fig. 76) is 
beset with villi, firom which those forming the agminate 
patches (fig. 77) are usually free. In the conditiQ^ in 
which they have been most commonly examined, each 
gland appears as a circular opaque- white sacoulus, from 
half a Une to a line in diamete;^^ and, according to the 
degree in which it is developed, either sunk beneath, or 
more or less prominently raised on, the surface of a 
depression or fossa in the mucous mein}>rane. Each gland 


♦ Fig. 75. Agminatp or Peyer's in a state of disten- 

sion 5 magnified about % dianieiers (after Boehm). 
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is surrounded by openingpsi like those of Lieberkiilin’s 
follicles (see fig. 77) except tlwtt they are more elongated ; 
and the direction of the long diameter of each opening is 
such that the whole produce a radiated appearance around 
the white sacculus. Those openings appear to belong to 
tubules identical with Lieberkhiin’s follicles : they have no 
communication with the sacculus^ and none of its contents 
escape through them on pressure. Neither can any 

77. t 



permanent opening be detected in the sacculus or Peyer’s 
gland itself (see fig. 78). 

Each gland is an imperfectly closed aac or follicle formed 
of a tolerably firm membranous capsule of fine connectiye 
tissue, imbedded in a rich plexus of minute blood-vessels, 
many fine branches from which pass through the capsule 
and enter, chiefly loopwii^e, the interior^ of the follicle 
(fig. 79). Entering into the formation of the sacculus, 

7^ Solitary glaiid of «iaall intestine, after Boehm. 

. 77. Part of u patqhof the so-called Foyer's glands magnified, 
; th« various fonas of the sa^culi, With their zone of foramina. 
lllA rest of the meml^mne marked with iLiel^k&bn's follicles, and 
sprinkled with villi (after Boehra). , 
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moreover, and forming a stroma or supporting framework 
throughout its interior, is or adenoid tissue (fig. 72), 

continuous with that which forms a great part of the mucous 
membrane outside it. The contents of each sac consist of a 
X>ale greyish opalescent pulp, formed of albuminous and fatty 
matter, and a multitude of nucleated corpuscles of various 
sizes, resembling exactly those found in lymphatic glands. 

The real office of these Peyerian glands or follicles is still 
unknown. It was formerly believed that each follicle was 
a kind of secreting cell, which, when its contents Vere 
fully matured, formed a 
communication with the 
cavity of the intestine by 
the absoiption or bursting 
of its own cell-wall, and 
of the portion of mucous 
membrane over it, and 
thus dischwged its secre- 
tion iniio the intestinal 
canal. A small shallow 
cavity or space was thought 
to remain, for a time, after 
this absorption or dehi- 
scence, but shortly to disappear, together with all trace of 
the previous gland. 

More recent , acquaintance with the real structure of 
these bodies seems, however, to prove that they are not 
mere temporary gland-cells which thus discharge their 
elaborated contends into the intestine and then disappear, 
but that they are rather to be regarded as struiHures 

* Fig. 78. Side-view of ^ portion of intestinal mucous membrane of 
a cat, showing a Foyer’s gland (a) : it is imbedded in the submucous 
tissue (/), the lino of separation between which and the mucous mem- 
brane passes across the gland one of the tubuly follicles, the orifices 
of which form the zone of ope9%s around the d : c, the fossa in 
the mucous membiune ; rf, : i, follicles of Lieberkiihli (after Bendz). 
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analogous to lymphatic or absorbent glands, and that 
their office is to take up certain materials from the chyle, 
elaborate and subsequently discharge them into the lacteals, 
with which vessels they appear to^be closely connected, 
although no direct communication has been proved to 
exist between them. 

Moreover, it has been lately suggested that since the 
molecular and cellular contents of the glands are so 
abundantly traversed by minute blood-vessels, important 



changes may .mutually take place between these contents 
and the blood in the vessels, material being abstracted 
from the latter, elaborated by Ibe cells, and then restored 

^ 7^ Pey^r^Sglan^ (from Kdl- 

likerjt: The drawing was 'taken from a jprepanttioa Boade by Frey : it 
represents the fine mpflUry looped netwrork sprtsdieg the sur- 
rothrfijig blood' v«»aele into, the ihtetior of three, of Teyer’a capsules 
from tlie iateetme of the rabbit* ' , 
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to the blood, much in the same manner as is believed to be 
the case in the so-called vascular glands, such as the spleen, 
thymus, and others ; and that thus Peyer’s glands should 
also be regarded as closely analogous to these vascular 
glands. Possibly they may combine the functions both of 
lymphatic and vascular glands, absorbing and elaborating 
material both from the chyle and from the blood within 
tlieir minute vessels, and transmitting part of tlio lacteal 
system and part direct to the blood. 


Fin. 80.* 



Brunns ylanis (fig. 80) ^e ooxjifined to the duodenum ; 
they are most abundant and thickly set at the commence- 
ment of this portion of the intestine, diminishing gradually 
as the duodenum advances. Situated beneath the mucous 
membrane, and imbedded in the submucoos tissue, they 
are minutely lobulated bodies, visible to the naked eye, 
like detached small portions of pancreas, and provided with 
permanent gland-ducts, which pass through the mucous 
membrane and open on the internal surface of the intestine* 

* Pig. 80. Enlarged view of one of Brunn’s glaijids from the human 
duodenum (from Frey). The main duct is seen superiorly ; its branches 
are elsewhere hidden by the bunches of opaque glandular vesicles. 
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As in stnicture, so probably in function, they resemble the 
pancreas; or at least stand •to it in a similar relation to 
that which the small labial and buccal glands occupy in 
relation to the larger salivary glands, the parotid and 
submaxillary. 

The Villi (figs. 8l, 82) are confined exclusively to the 
mucous membrane of the small intestine. They are minute 
vascular processes, from a quarter of a line to a line and 
two^hirds in length, coverifcg the surfece of the mucous 
membrane, and giving it a peculiar velvety, fleecy appear- 
ance. Xrauss estimates them at fifty to ninety in numbcT 
in a square line, at the upger part of the small intestim^, 
and at forty te seventy in i^e same area at the lower part. 
They vary in form even in the same animal, and differ ; 
according a§ the lymphatic vessels they contain are empty , 
or full of chyle; being usually, in the former case, flat 
and pointed at their summits, in the latter cylindrical or 
clavate. 

Each villus consists of a small projection of mucous 
membrane, and its interior is therefore supported through- 
out by flue retiform or adenoid tissue, which forms tho 
framework or stroma in which the other constituents are 
contained. 

The surfeoe of the villus is clothed by columnar epithe-' 
llum, which rests on a fine basement membrane; while 
witliin this are found, reckoning from without inwards, 
blood-vessels, fibres of the musculuris mucosa^ and a single 
lymphatic or lacteal vessel rarely looped or bwinched (fig- 
81); besides granular matter, fat-globules, etc. 

The epithelium is of the columnar kind, and continuous 
with that lining the other parts of the mucous membrane. 
The oeUs axe arranged with their long axis radiating from 
the surface of the villus (fig. Si), and their smaller ends 
resting on the basefnent membrane. Some doubt exists 
concerning th6*xninut6 struotul^ of these cells and their 
relatioi^ to Jlie deeper parts of the villus. 
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Beneath the basement or limiting membrane there is a 
rich supply of blood-vessels. Two or more minute arteries 
are distributed within each villus ; and from their capil- 
'>i%. 81.* 



laries, which form a dense network, proceed one or two 
small veins, which pass but at the base of the villus. 

The layer of tlie muscularis miLcqscs in the villus forms a 
kind of thin hollow cone immediately around thDS central 
lacteal, and is, therefore, situate beneath the blbodrvesaels. 
The addition of acetic acid to the villus brings out the 
characteristic nuclei of the muscular hbi^s, and shows the 
size and position of the layer most distinctly. Its use is 

* Fig. 81. (Slightly altereltliromTeichmaim.) ja ViHns of sheep, 
tt Villi of man. ♦ • 
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still unknown, although it is impossible to resist the belief, , 
that it is instrumental in the* propulsion of chyle along the 
lacteal. 

Fi^. 82 * 



The louctM enters the base of each villui, and pass- 


* Fig. 82. (From ^iohmann;} a, lecteals in villi, p, Peye/s glands. 
B D, superfiolal and deep network of lacte^, in submucous tissue. 

£iaberketin*$ glands, small brandi of laOi^al vessel on its way to 
Bsesentaiic ghtnd* h aud 0, muscular Bbres ofintestinet s, i^eritoneum. 
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ing^ lip in tlie middle of ifc, extends nearly to the tip, ■where 
it ends commonly by a closed and somewhat dilated ex- 
tremity. In the larger villi there may be two small lacteal 
vessels which end by a loop (fig. 81), or the lacteals may 
form a kind of network in the villus. The last method 
of ending, liowever, is rarely or never seen in the human 
subject, although common in some of tlie lower animals 
(a, fig. 81). 

The office of the villi is the absorption of chyle from* the 
completely digested food in the intestine. The mode in 
whiclx they effect this will be considered in the chapter on 
Absokptton. • 

Stmctihre of the Large Intestine. 

The large intestine, which in an adult is from about 4 to 
6 feet long, is subdivided for descriptive purposes into three 
portions, viz. ; — The cacuni, a short wide pouch, commu- 
nicating vdth the lower end of the small intestine through 
an opening, guarded by the ileo^a^cal valve; the colon, 
continuous with the csecum, which forms the principal 
part of the large intestine, and is divided into an ascend- 
ing, transverse and descending portion; and the rectum, 
which, after dilating at its lower part, again contracts, 
and immediately afterwards opens externally through the 
anus. ' Attached to the coecum is the small appendix ' 
verwiformu. 

... .r<m * 

' Like the small intestine, the large is constructed of three 
principfll coats, viz., the serous, muscular, and mucous. 
The serous coat need not be here pai^iculaxly described,, 
ConUected with it are the small processes of peritoneum 
containing fat, called appendices epiploicts. , The fibres of 
the muscular coat, like tho§e of the sm^ll intestine, are 
aiTanged in two layers — the outer longitudinally, the 
inner circularly. 4u th^ creoum and celon^ the longi- 
tudinal fibres, besides as in the BrsfioJl intestine, 

thinly disposed in all parts of the waJi^ of the bowel, are 
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collected, for the most part, into tliree strong bands, which 
being shorter, from end to end, than the other coats of 
the intestine, hold the canal in folds, bounding inter- 
mediate sacculi. On the division of these bands, the intes- 
tine can be drawn out to its full length, and it then 
assumes, of course, an uniformly cylindrical form. In the 
rectum, the fasciculi of these longitudinal bands spread 
out and mingle with th?) other longitudinal fibres, forming 
with thorn a thicker layer of fibres than exists on any 
other part of the intestinal canal. The circular muscular 
fibres are spread over the whole surface of the bowel, but 
are somewhat more marked in the intervals between the 
sacculi. I'owards the lower end of tho^ rectum they become 
more numerous, and at the anus they form a strong band 
called the internal siihincter muscle. 

The mucous membrane of the large, like that of the 
small intestine, is lined throughout by columnar epithe- 
lium, but, unlike it, is quite smooth and destitute of villi, 
and is not projected jn the form of valvulm conniventes. 
Its general microscopic structure resembles that of the 
small intestine. 

Glands of. the Large Intestine . glands with whh h 
the large intestine is provided are of two kinds, the tubular 
and lentlcuJar. 

The tubular glands, or glands of Lieberkiihn, resemble 
those of the small intestine, but are somewhat larger 
and more numerous. They are also more uniformly 
distributed. 

The lenticular glands are most numerous in the caecum 
and '^rmiform appendix. They resemble in shape and 
structure, almost exactly, the solitary glands of the small 
inteetine, md; IJke them, have no opening. JUst over 
'^em, however, there is commonly a small depression in 
the mucous membrane, which ^has led to the erroneous 
belief that some of them ox>en<on the surface. 

The functions discharged by the glands found in the 
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large iptestine are not known with any certainty, but 
there is no reason to doubt that they resemble very nearly 
those disohpged by the glands of like structure in the 
small intestine. 

The difficulty of determining the function of any single 
set of the intestinal glands seems indeed almost insuper- 
able, so many fluids being discharged together into the 
intestine ; for all acting, probably, at once, produce a com- 
bined effect upon the food, so that it is almost impossible 
to discern the share of any one of them in digestion. 

Ileo-cacal valve , — The ileo-csocal valve is situate at the 
place of junction of the small Tyith the large intestine, "and 
guards against any reflux of the contents of “the latter into 
the ileum. It is cpmjjosed of two semilunar folds of mucous 
membrane. Each fold is formed by a doubling inwards of 
the mucous membrane, and is strengthened on the outside 
by some of the circular muscular fibres of the intestine, 
which are contained between the outer surfaces of the two 
layers of which each fold is composed. The inner surface 
of the folds is smooth ; the mucous fliembrane of the ileum 
being continuous with that of the ctecum. .. That surface 
of each fold which looks towards the small intestine is 
covered with villi, while that which looks to the crecum 
has none. When the caecum is distended, the margins of 
the folds are stretched, and thus are* brought into firm 
apposition one with the other. 

While th^ circular muscular fibres of the bowel at the 
junction of the ileum with the caecum are contained 
between the outer opposed surfaces of the folds of mucous 
membrane which form the valve, the longitudinaJ^ mus- 
cular fibres and the peritoneum of the small and large 
intestine respectivelj^ are continuous with each other, 
without dipping in to follow the circulkr fibres and the 
mucous membrane. In this manner, therefore, the folding 
inwards of these two rha£t named structures is preserved, 
while on the other hand, by dividing the longitudinal 
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museulat fibres and the peritoneum, the valve can be made 
, to disappear, just as the eonstriotions between the sacculi 
of the large intestine can be made to disappear by perform- 
ing a similar operation. ' 

J'he Pancreas^ and its Secretion. 

The pancreas is situated within the curve formed by the 
duodenum ; hnd its main duct opens into that part of the 
■ intestine, either through a small opening or through a duct 
common to itself and to the liver. The pancreas, in its 
minute anatomy, closely rese^mbles the salivary glands; 
and the fluid elaborated by it ap^>ear8 almost identical with 
saliva. When ‘obtained pure, in all the difiereat animals 
in which it has been hitherto examined, it lias been found 
colourless, transparent, and slightly viscid. It is alkaline 
when fresh, and contains a peculiar animal matter named 
pancreatin and certain salts, both of which are very similar 
Jto thole found in saliva. In pancreatic secretion, however, 
.there is no sulpho-cyanogen. Pancreatin is a substance 
coogulable by heat, and in many other respects very 
like albumen : to it the peculiar digestive power of tlie 
pancreatic secretion is probably due.* Like saliva, the 
pUniireatie fiuid, shortly after its ^ape, becomes neutiul 
and then acid. , 

The following is the mean of three analyses by 
Schmidt ; — 


Composition of Pancreatic Secretion^ 

Water , . 980*4$ 

Solids . 19-55 


Pancreatin . 

Inorganic bases and salts 

. : fiinetiomt of the pancreas sm probably as follows: — 

'Numerous experiments have shown^ that starch is 


1371 

6*84 

'955 
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' acted upon by the pancrea^ secretion, or by portions of 
pancreas put in stooh pastef, in the same manner that it 
is by saliva and portions of the Bafl^ary glands. And 
although, as before ^a^ted (p. 262), many substances be- 
sides those glands can excite the transformation of starch 
into dextrin and grape-sugar, yot it appears probable 
that the pancreatic fluid, exercising tins power of trans- 
formation, is largely subservient to the purpose of digesting 
starch. MM. Bouchardat and Sandras have showp that 
the raw starch -granules which have passed unchanged 
through the crops and gizzards of granivorous birds, or 
through the stomachs of herbivorous Mammalia, are, in 
the small intestine, disorganized, eroded, * and Anally dis- 
solved, as they ai% when exposed, in experiment, to the 
Action of the pancreatic' fluid. The bile cannot effect such 
a change in starch ; and it is most probable that the i)an- 
creatic secretion is the principal agent in the transforma- 
tion, though it is b}^ no means clear that the office may 
not be shared by the secretion of the intestinal mucous 
meiiLbrane, wliich also seems to pdhsess the power of con- 
verting starch into sugar. 

2 . The existence of a, .pancreas in Carnivora, which have 
little or no starch in th^ir food, and the results of various 
observations and experiments, leave very little doubt that 
the ]3ancreati^.j9ec7etion also assists largely in the digestion « 
of fatty matters^ by transforming them into a kind of 
emulsion, and thus rendering them capable of absorption 
by the lacteals. Several cases have been recorded in which 
the pancreatic duct being obstructed, so that the secretion 
could not be discharged, fatty or oily matter was abun- 
dantly discharged from the intestines. In nearly all these 
cases, indeed, the liver was coincidently diseased, and the 
change or absence of the bile might dppear to contribute 
to the result; yet the frequency of extensive disease of 
the liver, unaccompaaiSd by fatty dischgrges from the 
intestines, favours the view that, in these cases, it is to the 
absence of the pancreatic fluid from the intestines that the 
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excretion or non-absorption of fatty matter should be 
ascribed. In Bernard’s experiments too, fat always ap- 
peared in the evacuations when the pancreas was destroyed 
or its duct tied. Bernard, indeed, is of opinion that to 
emulsify fat is the express D^e of the pancreas, and the 
evidence that he and others have brought fiJrward in sup- 
port of this view is very weighty. The .pf^er of emuls^y- 
ing fat, however, although perhaps 
the secretion of the pancre^, is evi^ntly possiMbd' to 
some extent by other secretions poured into the 4 fe»||j|tines, 
and especially by the bile. 

3, The pancreatic secretiop discharges a third function 
also, namely, thYit of dissolving albuminous subbtances; 
the peptone i^roduced by the action of th*e pancreatic sepr e- 
tibii on proteidc not differing essentially from that formed 
by the action of the gastric juice (see p. 285). 

* Structure of the Liver. 

The liver is an extremely vascular organ, and receives 
its supply of 'blood from two distinct vessels, the portal 
vein and hepatic artery, while the blood is returned from it 
into the vena cava inferior by the hepatic vein. Its secre- 
tion, the bile, is conveyed from it by the hepatic duct, either 
directly into the intestine, or, when digestion is not .going 
on, into the cystic duct, and thence into the gall-bladder, 
where it accumulates until required. The portal vein, 
hepatic artery, and hepatic duct branch together throughout 
the liver, while the hepatic vein and its tributaries run by, 
themselves. 

On the outside the liyer has an incomplete covering of 
peritoneum^ and beneath this is a very fine coat of aj^lar 
^tissue, , oontinudu^ over the whole surface of the organ. 
It is thickest where the peritoneuni is absent, and is con- 
tinuous on the genbr^ siirface of ^e liver with the fine, 
and, 4^ the humeoi almost imperceptible^ areolar 

f investing the Iqbjoles. At the transverse fissure it is 




which, surrounding the portal vein, hepatic artery, and 


hepatic duct, as they enter at 
this part, accompanies them 
in their branchings through 
the substance of the liver. 

The liver is made up of 
small roundish or oval por- 
tions called lobules, each of 
which is about ^ of an inch 


Fig. 84 . 

P 



in diameter, and composed of 


the minutest branches of the portal vein, hepatic artery, 


hepatic duct, and hepatic vein;- while the interstices of 


* Fig. 83. The liver has been tnnied over from left to right so as 
to expose the lower surface, i, left lobe ; 2, 3, 4, 5, right lobe ; 
6, lobulus quadratus ; 7, pons hepatis j 8, 9, lo,- lobulus Spigelii ; 
II, lobulus caudatus; 1^2, 13, transverse oi> portal fissure with the 
great vessels ; 14, hepatic artery; 15, vena port* ; 16, anterior part 
of the longitudinal fissure^ containing 17, tli^ round ligament or ob- 
literated remains of the umbihea^ vein ; 18, posterior part of the same 
fissure, containing 19, the obliteraud ductus vendsus; 20, 21, 22, 
gall-bladder ; 23, cystic duct ; hciKitio duct ; 25, fossa containing 
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these vessels are filled by the liver cells. These cells 
(fig. 84) which mal^e up a grefet portion of the substance 
of the organ, are rounded or polygonal from about to 
-j-gJg-g- of an inch in diameter, containing well-marked nuclei 
and granules, and having sometimes a yellowish tinge, 
especially about their nuclei ; frequently, they contain also 
varioill sized particles of fat (fig. 84 n). Each lobule is 
very sparingly invested by areolar tissue. 

vin Sc * understand the 

d a distribution of the 

blood-vessels in tlie 
liver, it ■will be well 
to trace, fi^rst, the two 
blGod-vessels and the 
duct which enter the 
organ on the under 
surface at the trans- 
verse fissure, viz., the 
portal vein, liepatic 
artery, and hepatic 
duct. As before re- 
marked, all three 
run in company, and 
their appearance on 
longitudin^ section 
is shown in fig. 85 • Running together through the substance 
of the liver, tliey are contained in small channels, called 
portal canah^ their immediate investment being a sheath 
of areolar tissue, called Glisson’s capsule. 

2b, the vena cava inferior; 27, ppening of the capsular vein; 28, small 
part of the trunk of the right hepatic vein ; 29, trunk of the left 
he}>atic vein ; 30, 31, openings of the right and left diaphragmatic veins. 

* Kig. 85. Longitq^Jitfal section of a pox^l canal, containing a portal 
vein, hepatic artery hepatic duct, from the pig (after Kienian). f. p, 
branch of vena potti©,,, situated in a portal* canal, formed amorigsttho 
of the liver, eand giving off ■vaginal branches; there are also 
seenwithin the larg^ portal vein numerous orifices of the smallest 
lo'^lar veins arising directly from it; a, hopatlc artery ; cf, hepatic 
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To take the distribution of the portal vein first : — In 
its course through, the liver this vessel gives off small 
branches, which divide and subdivide between the lobules 
surrounding them and limiting them, and from this cdr- 
cumstance called uirt^r-lohMi^r^veins. From these small 
vessels a dense capillary network is prolonged into the 
substance of the lobule, and this network graduaUy gatlier- 
ing itself up, so to sj^eak, into larger vessels, converges 
finally to a single small vein, occupying the centre of the 
lobule, and hence called iwim-lobular. This arrangement 
is well seen in fig. 86, which represents a transverse sec- 
tion of a lobule. The smaller branches of the portal vein I 
being closely surrounded by the lobules, give off directly 


Fi(/. 86.* 



tnf^r-lobular veins (see fig, 85) ; but here and there, espe* 
cially where the hepatic artery and duct intervene, branches 


** Fig. 86. Cross section of a lobale of the liver, in which 

. the capillary network between the porUl and he]:y&tia veins has been fully 
injected (from Sappey) i. Section of the infm«iobular vein ; 2, its 
smaller branches collecting blood from the capillary hStwork ; 3, inter- 
lobular branches of the vena with their siftaller ramifications 
passing inwards towards th© .capi|}laiy network in the substance of the 
lobule* 
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called vaginal first arise, and l^reaking up in the sheath are 
Bubsequently distributed like the others around the lobules 
and become mtfir-lobular. The larger trunks of the portal 
vein being more separated from^ the lobules by a thicker 
sheath of Glisson’s capsule, give off vaginal branches 
alone, which, however, after breaking up in the sheath, 
are distributed like the others between the lobules, and 
become iwfcr-lobular veins. 

The small iw^m-lobular veins discharge their coptents into 
veins called «n6-lobular (fig. 88), while these again, by their 


87 



* Fig. 87. Section of a portion of liver passing longitudinally 
through a considerable hepatic vein, fiom the pig (after Kieman) f. H, 
hepatic venous trunk, against which the sides of the lobules { 1 ) are 
applied ; h, A, h, snblobular hepatic veins, on which the bases of the 
Ipbules rest, and through the coats of which they are eeen as polygonal 
figures ; i, month of the intralobular veins, opening into the snblobular 
reins ; i', intralobulat veins shown pasaiifg up the centre of some divided 
lobules ; Gut%urface of the liver ; c, e, walls of the h^pa^c venous 
canal, formed by the polygonal bases of the lobules. 
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union, form tlie main branches of the hepatic vein, which 
leaves the posterior border of 
the liver to end by two or 
three principal trunks in the 
inferior vena cava, just before 
its passage through the dia- 
pliragni. The sufe-lobular and 
hepatic veins^ unlike the portal 
vein and its companions, have 
little or no areolar tissue 
around them, and their coats 
being very thin, they form 
little more than mere chan- 
nels in the live^ substance 
which closely surrounds them. 

The manner in which the lobules are connected with 
the suhlobular veins by means of the small intralobular veins 
is well seen in the diagram, fig. 88 and in fig. 87, which 
represent the parts as seen in a longitudinal section. The 
appearance has been likened to a twig having leaves with- 
out footstalks — the lobules representing the leaves, and 
the sublobular vein the small branch from which it springs. 
On a transverse section, the appearance of the intra- 
lobular veins is that of i, fig. 86, while both a transverse 
and longitudinal section are exhibited, in fig. 89. 

The hepatic artery, the function of which is to distribute ! 
blood for nutrition to Glisson’s capsule, the walls of the 
ducts and blood-vessels, and other p^s of the liver, is 
distributed in a very similar manner to the portal vein, its 
blood being returned by small branches either into the 
ramifications of the portal vein, or into the capillary plexus 
of the lobules which connects the inter- and mtm-lobular 
veins. • 



* Fig. 88. Diagram showing the manner in whiaih the lobules of the 
liver rest on the sublobular veins {afvx Kienian)* 
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The hepatic duct divides and subdivides in a manner 
very like that of the portal fein and hepatic artery, the 
larger branches being lined by cylindrical, and the smaller 

Fig. 89.* 
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by small polygonal epithelium. The exact arrangement of 
its terminal brandies, b^^wever, and their relation to tlie 
liver -cells have not been clearly made out, or, at least, have 
not been agreed upon by different observers. Xho chief 
theories on the subject are three in number : — 

1. That the terminal branches of the hepatic duct form 
an interlobular network, which abuts on the outermost 
cells of a lobule, but does not enter the inside of the 
lobule, or only for a little way. 

2. That minute branches begin in the lobules between 
the cells, not enclosing them. 

3. That the ultimate branches begin in the lobules and 
enclose hepatic cells. 


' * Fig. 89. Capillary network of the lobules of the rabbit’s liver 
(from Kblliker), The figure is taken from a very successful injec- 
tion of the hepati.i veins, made by Harting : it shows nearly the whole 
of two lobules, and parts of three others portal branches running in 
the interlobular sp^es ; h, hepatic veins penetrating and radiating from 
^ the centre of the lobules. 




* ¥hff. 90. l)i:igi’jinis showing the Hrraiigement of the ntdichi.s of the 
liopatio duct, according to different observers. 

1. dj d, are two brandies of the hepatic duct, which is supposed 
to commence in a idexus situated towaixls the circumference of the 
lobule marked ft, ft, called by Kienian the biliary plexus. Within this 
is seen the central i)art of the lobule, containing branches of the intra- 
lobular vein. 

2. A small fragment of an hepatic lobule, of which the smallest 
intercellular biliary ducts were filled with colouring matter during 
life, highly magnified (from Chrzonszczewsky). 

3. View of some of the smallest biliary ducts^illusti-ating Beale’s 
view of their relation tothebUiarj^^lls^from Kdllikei^after Beale), 

The drawing is taken from an injected preparation of the pig’s liver ; 
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Functions of the Liver. 

The Secretion of Bile is the most obvious, and one of 
the chief functions which the liver has to perform; but, as 
will be presently shown, it is not the only one ; for im- 
portant changes are effected in certain constituents of the 
blood in its transit through this gland, whereby they are 
rendered more lit for their subsequent purposes in the 
aniwal economy. 

The Bile. 

Composition of the Bile. — The bile is a somewhat viscid 
fluid, of a yellow or greenish-yellow colour, a strongly 
bitter taste, and wlieri fresh with a*scarcely perceptible 
odour ; it has a neutral or slightly alkaline reaction, and 
its specific gravity is about 1020. Its colour and degre<^ 
of consistence vary much, apparently independent of 
disease ; but, as a rule, it becomes gradually more deeply 
coloured and thicker as it advances along its ducts, or 
when it remains lon§ in the gall-bladder, wherein, at 
the same time, it becomes more viscid and ropy, of a 
darker colour, and more bitter taste^ mainly from its 
greater degree of concentration, on account of partial 
absori)tion of its water, but partly also from being mixed 
with mucus. 

The following analysis is by Frerichs ; — 

Composition of Human Bile. 

Water 
, Solids 


1 , 000*0 


a, small branch of an interlobular hcj)atic duet ; 6, snmllest biliary 
ducts ; r, portions of the cellular part of the lobule in which the cells 
are seen within tubes M'hich communicate with the finest ducts. 
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Biliary acids combiutH^l 
with alkalies J, 

Fat ..... 

Cholesterin 

Muc.us and colouring matters 
Salts .... 

140*8 

'File Bllin or biliary matter wlien freed by ether from the 
fat with wliich it ia combined, is a resinoid substance, solu- 
ble in water, alcohol, and alkaline solutions, and givings to 
the watery solution the taste and general chairactor of bile. 
It is a compound of soda, with two resinous acids, named 
glycocholic and taurocholic acids. The former consists of 
cholic acid conjugat^jd with glycin (or sugar of gelatin), the 
latter of the same acid conjugated with taurin. 

Fatty substances are found in variable i)foportion8. Be- 
sides the ordinary saponifiable fats, there is a small (piantity 
of cholesterin (p. Il), which, with the other free fats, is 
probably held in solution by the tauro-cholate of soda. 

A peculiar substantje, which Dr. Flint has discovered in 
the faeces, and named stercorin (p. 342), is closely allied 
to cholesterin; and Dr. Flint IHq.'qi* 

believes that while one great 
function of the liver is to ex- 
cU’ete cholesterin from the 
blood, as the kidney excretes 
urea, the stercorin of fseees 
is the modified form in which 
' (iliolesterin finally leaves the 
body. Ten grains and a half 
of stercorin, he reckons, are 
excreted daily. 

The colouring matter of the bile has noi^ y©t been obtained 
pure, owing to the facility with which it is decomposed. 
It occasionally deposits itself in the ^all-bladder as a 

g. 91. Cryiitailiiie of cliolesterin. 



91*5 
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2*6 
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yellow substance mixed with mucus, and in this state has 
been frequently examined. It is ox)mposed of two colour- 
ing matters, called biliverdin and MHfulvin. By oxidising 
agencies, as exposure to the air, or the addition of nitric 
acid, it assumes a dark green colour. In cases of biliary 
obstruction, it is often re-absorbed, circulates with the blood, 
and gives to the tissues the yellow tint characteristic of 
jaundice. 

There seems to be sbme relationship between the coloiir- 
matbTS of the blood and bile, and, it may be added, be- 
tween these and that of the urine also, so that it is possible 
tliey may be, all of them, varieties of the same pigment, 
or derived from the same sourc^e. Noticing, however, is at 
present certainly known regarding tile relation in which 
one of them stands to the other. 

The mucus in bile is derived chiefly frdm the miiceus 
membrane of the gall-bladder, but in part also from the 
hepatic ducts and their branches. It constitutes the residue 
after bile is treated with alcohol. The epithelium with 
wliich it is mixed mdy be detected in the bile with the 
microscope in the form of cylindrical cells, either scattered 
or still held together in layers. To the presence of this 
mucus is probably to be ascribed the rapid decomposition 
undergone by the bilin ; for, according to Berzelius, if the 
mucus be separated, bile will remain unchanged for many 
days. 

The saline or inorganic constituents of the bile are similar 
to those found in most other secreted fluids. It is possible 
that the carbonate and neutral phosphate of sodium and 
potassium, found in the ashes of bile, are formed in the 
incineration, and do not exist as such in the fluid, .j. Oxide 
of iron is said to be a common constituent of the ashes of 
bile, and copper "is generally found in healthy bile, and 
constei^y in biliary calculi. 

Such are the principal chemical constituents of bile ; but 
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it8 physiology is, perhaps, better illustrattjd by its ultimate 
elementary composition. According to Liebig’s analysis, 
tlie biliary matter, — consisting of bilin and the products of 
its spontaneous decomposition — ^yields, on analysis, 76 atoms 
of carbon, 66 of hydrogen, 22 of oxygen, 2 of nitrogen, 
and a certain quantity of sulphur.* Comparing this with 
the ultimate composition of the organic parts of blood, 
wliich may be stated at C j gll.j ^ with sulphur and 

phosphorus — it is evident that bile contains a large •pre- 
])onderance of carbon and hydrogen, and a deliciency of 
nitrogen. The import of this will presently appear. 

Tests for — A common test for tW presence of 

bile consists of the addition of a small quantity of nitric 
acid, when, if bile be present, a play of colours is produced, 
beginning with green and passing through various tints 
to red. This test will detect only the colouring matter of 
.the bile. 

The best test for the hiUn is Pottenkofor’s. To the liquid 
suspected to contain bile must be added, first, a drop or two 
<»f a strong solution of cane-sugar (one x>art of sugar to 
four parts of water), and immediately afterwards sulx)huric 
acid, to the extent of about two-thirds of the liquid. On 
first adding the acid, a whitish precipitate falls ; but this 
redissolves wdth a slight excess of the acid, and on tlie 
further addition of the latter there aj^pears a bright cherry- 
red colour, gradually changing through a lake tint, to a darlc 
X>urple. 

The process of secreting bile is probably continually going 
on, but appears to bo retarded during fasting, and acqele- 
rated on taking food. This was shown by Blondlot, who, 

* The sulphur is combined with the tauriu— one of the substances 
yielded by the decomposition «f bilin. According to Dr. Kemp, the 
sulphur in the bile of the ox, driii^d and freed from*mucus, colouring 
matter, and salts, constitutes about 3’ per cent. 
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having tied the common hile-duct of a dog, and established 
a fistulous opening between the skin and gall-bladder, 
whereby all the bile secreted was discharged at the surface, 
noticed that when the animal was fasting, sometimes not 
a drop of bile was discharged for several hours; but 
that, in about ten minutes after the introduction of food 
into tlie stomach, the bile began to flow abundantly, and 
continued to do so during the whole period of digestion. 
Bidder and Schmidt’s observations are quite in accordance 
with this. 

^ The bile is probably formed first in the hepatic cells ; 
then, being discharged into the minute hepatic ducts, it 
passes into the' larger trunks, and from the main hepatic 
duct may be carried at once into tfio duodenum. But, 
probably, this happens only while digestion is going on j 
during fasting it flows from the common bile-duct into 
the cystic duct, and thence into the gall-bladder, where it 
accumulates till, in the next period of digestion, it is dis- 
charged into the intestine. The gall-bladder thus ful^s 
what appears to be its* chief or only office, that of a reser- 
voir ; for its presence enables bile to be constantly secreted 
Tor the purification of the blood, yet insures that it shall all 
be employed in the service of digestion, although digestion 
is periodic, and the secretion of bile constant. 

The mechanism by which the bile passes into the gall- 
bladder is simple. The orifice through which the common 
bile-duct communicates with the duodenum is nmower 
than the duct, and appears to be closed, except when there 
is sufficient pressure behind to force the bile through it. 
The pressure exercised upon the bile secreted during the 
intervals of digestion api)ears insufficient to overopiipLe the 
foroa with which the orifice of the duct is closed ; and the 
bil^ in the common duct, finding no exit in the intestine, 
.traverses the cystic duct, and so passes into the gall-bla43er, 
being probably aided in this retrograde course by the peri- 
staltic action of the ducts. The bile is discharged from the 
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gall-bladder, and enters the .duodenum on the introduction 
of food into the small intestine : being pressed on by the 
contraction of the coats of the gall-bladder, and probably of 
the common bile-duct also ; for both these organs contain 
organic muscular fibre-cells. Their contraction is excited 
by the stimulus of the food in the duodenum acting so as to 
I)roduce a reflex movement, the force of which is sufficient 
to open the orifice of the common bile-duct. 

Various estimates have been made of the quantity of bile 
discliarged in the intestines in twenty-four hours : the 
quantity doubtless varying, like that of the gastric fluid, i<K' 
proportion to the amount of food taken. A fair average 
of several computations would give thirty to^ forty ounces as 
the quantity daily tifecreted by man. 

Tlie pm'poses served by t]ie secretion, of bile may bo con- 
sidered to be of two principal kinds, viz., excreinentitious and 
diyestive. 

As an excrementitious substance, the bile serves especi- 
ally as a medium for the separation of excess of carbon and 
hydrogen from the blood ; and its adaptation to this pur- 
pose is well illustrated by the peculiarities attending its 
secretion and disposal in the foetus. During intra-uterine 
life, the lungs and the intestinal canal aro almost inactive ; 
tliere is no respiration of open air or digestion of food ; 
these are unnecessary, because of the supply of well-elabo- 
rated nutriment received by the vessels of the foetus at the 
placenta. Tlie liver, during the same time, is proportionally 
larger than it is after birth, and the secretion of bile is 
active, although there is no food in the intestinal canal upon 
which it can exej'cise any digestive property. At birth, the 
intestJ^l canal is full of thick bile, mixed with intestinal 
secretion; for the meconium, o r froces of the foeto, are 
shown by the analyses' df^imon and of Frerichs to contain 
all the essential principles of bile. 
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Composition of Meconium (Frericlis) : 

Biliary rosin . . ^ . . . 156 

Common fat and cliolcsterin , . , ^ 5 ’4 

Epithelium, mucus, pigment, and salts 


In the fcehis, therefore, the main purpose of tlie seoretibn 
^ of bile must be the purification of tho blood »by direct 
excretion, i.e.^ by sepai^tion from the blood, and ejection 
from the body without further change. Probably all the 
bile secreted in fcetal life is incorporated in the ineconiuin, 
and with it discharged, and thus the liver may be said to 
discharge a function in some sense vicarious of tliat of the 
lungs. For, in the fadus, nearly all thb blood coming from 
the placenta passes through the liver, previous to its dis- 
tribution to tlio several organs of the body ; and the 
abstraction of carboji, hydrogen, and other elements of bile 
will purify it, as in extra-uterine life it is purified by the 
. separation of carbonic acid and w ater at the lungs. 

The evident disposal \)f tho fnotsil bile by excretion, makes 
it higlily probable that the bile in extra-uterine life is 
also, at least in part, destined to be discharged as 
excrementitious. Put the antilysis of the fieces of botli 
children and adults shows that (except wdien raj)idly dis- 
charged in purgation) they contain very little of the bile 
secreted, probably not more than one-sixteenth part of its 
w eight, and that this portion includes only its colouring, 
and some of its fatty matters, but none of its essential 
principle, the bilin. All the bilin is again absorbed from 
the intestines into tlie blood. ’ But the elementary compo- 
sition of bilin (see p. 325 ) shows such a preponderance of 
carbon ahd fiydrogen, that it cannot be appropriated to 
the nutrition of the tissues ; therefore, it may be presumed 
that .after absorption, the carbon and hydrogen of the 
bilin combining Vith oxygen, d!re excreted as carbonic 
mid and water. The destination of the bile is, on this 
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theory, essentially the same in both footal and extra- 
uterine life ; only, in the foihier, it is dlrectli/ excreted, in 
tlie latter for the most part indirectly, being, before final 
ejection, modifiod in its absorption :&om the intestines, and 
mingled with the blood. 

The change from the direct to the indirect mode of 
excretion of the bile may, with much probability, be coii- 
Jiected with a purpose in relation to the development of 
heat. The temperature of the foetus is maintained by that 
of the parent, and needs no source of heat within the 
body of the foetus itself; but, in extra-uterine life, there is 
(as one may say) a wasto of material for heat when any 
excretion is discharged unoxidized ; the caibon and hydro- 
gen of the bilin, tlferefore, instead of being ejected in the 
lieces, are re- absorbed, in order that they may be combined 
with oxygen, and that, in the combination, heat may be 
generated. 

From the peculiar manner in which the liver is supplied 
with much of the blood that flows through it, it is probable, 
as Dr. Budd suggests, that this drgaii is excretory, not 
only for such hydro-carbonaceous matters us may need 
expulsion from any portion of the blood, but that it serves 
for the direct purilieation of tho stream which, arriving by 
the portal vein, has just gathered up various substances 
in its course through the digestive organs — substances 
which may need to be expelled, almost immediately after 
their absorption. For it is easily conceivable that many 
things may be taken up during digestion, which not only 
are unfit for* purposes of nutrition, but which would be 
positively injurious if allowed to mingle with the general 
mass of the blood. The liver, therefore, may be supposed 
plac*ed in the only road by M^hich such me-tters can pass 
into the general current, jealously to ^uard against their 
further progress, and turn tliera back again into an 
excretory channel. The |jequency with ^ which metallic 
poisons are either excreted ;^y the liver or intercepted and 
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retained, often for a considerable time, in its own substance, 
may be adduced as evidence for the probable truth of this 
supposition. 

Though one chief purpose of the secretion of bile may 
thus appear to be the purification of the blood by ultimate 
excretion, yet there are many reasons for believing tliat, 
while it is in the intestines, it performs an important part in 
the process of digestion. In nearly all animals, for example, 
-the bile is discharged* not through an excretory duct 
communicating with the external siurface or with a simple 
reservoir, as most secretions are, but is made to pass into 
the intestinal canal, so as to be mingled with the chyme 
directly after it* leaves the stomach; an arraj^ngement, tlie 
constancy of which clearly indicates th&t the bile has some 
important relations to tlic food with which it is thus mixed. 
A similar indication is furnished also by the fact that the 
secretion of bile is most active, and the quantity discharged 
into the intestines much greater, during digestion than at 
any other time ; although, without doubt, this activity o^ 
secretion during digeistion may, however, be in part 
ascribed to the fact that a greater quantity of blood is sent 
through the portal vein to the Hver at this time, and tliat 
this blood contains some of the materials of the food 
alisorbed from the stomach and intestines, which may need 
to bo excreted, either temporarily, to be re-absorbed, or 
permanently. 

Respecting the functions discharged by the bile in 
digestion, there is little doubt that it assists in emulsifying 
the fatty portions of the food, and thus rendering them 
capable of being absorbe,d by the lacteals. ‘For it has 
appeareid in some experiments in which the common bile- 
duct was tied, that although the process of digestion in the 
stomach was unaffected, chyle was no longer well- formed ; 
the contents of the lacteals consisting of clear, colourless 
fluid, instead of being opaque and* white, as they ordinarily 
after feeding. (2.) It is probable, also, from the 
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result of some experiments- by Wistinghausen and Hoff- 
mann, that the moistening of the mucous membrane of the 
intestines by bile may facilitate absorption of fatty matters 
through it. 

(3.) The bile, like the gastric fluid, has a strongly 
antiseptic power, and may serve to prevent the decompo- 
sition of food during the time of its sojourn in the intes- 
tines. The experiments of Tiedemann and Gmelin show 
that the contents of the intestines are much more foetid 
after the common bile-duct has been tied than at other 
times ; and the experiments of Bidder and Schmidt on 
animals with an artificial biliary fistula, confirm this 
observation; moreover, it is found thafr the 'mixture of bile 
with a fermenting*fluid stops or spoils the process of fer- 
mentation. 

(4.) The bile has also been considered to act as a. kind 
of natural purgative, by promoting an increased secretion 
of the intestinal glands, and by stimulating the intestines 
to the propulsion of their contents. This view receives 
support from the constipation whfcli ordinarily exifsts in 
jaundice, from the diarrhoea which accompanies excessive 
secretion of bile, and from the purgative properties of 
ox-gall. 

Notliing is knpwn with certainty respecting changes 
which the re-absorbed i)ortion8 of the -bile undrfgo, either 
in the intestines or in the absorbent vessels. / Tliat they 
are much changed appears from the impossibility of 
detecting them in the blood ; and that part 0/ this change 
is effected in the liver is probable from afti experiment 
of Magendie, who found that when he/ inject^ bile 
into the portal vein a dog was unhai^med, bilit was 
killed when he injected the bil© into one of the jl^vstemic 
vessels. 

The secretion of bile, as already observed, is only one 
of the purposes fulfilled* by^ the liver. /Aijother very im- 
portant function appears w Lj that/ of SQ acting upon 
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(*ertain constituents of the bl<H>d passing through it, as to 
render some pf them capable of assimilation with the 
blood generally, and to prepare others for being duly 
eliminated in the process of respiration. From the labours 
of M. Bernard, to whom we owe most of what- we know 
on this subject, it appears that the low form of albuminous 
matter, or albuminose, conveyed from the alimentary 
canal by the blood of the portal vein, requires k) be sub- 
.mitted to the influendb of the liver before it can bo 
assimilated by the blood ; for if such albuminous matter is 
injected into the jugular vein, it speedily appears in tho 
urine ; but if introduced into tho portal vein, and thus 
allowed to traverse the liver, it is no longer ejected as a 
foreign substance, but is probably incorporated with tlie 
albuminous x>drt of the blood. 

An important iufluemce seems also to be exerted by the 
liver upon the saccharine matters derived from the alimen- 
tary canal. The chief puri)Ose of the saccharine and 
ainyLi(;eous principles of food is, probably, in relation to 
respikition and the production of animal heat; but in 
order that they may fulfil this, tlieir main office, it seems 
to be essential that they sJjiOuld undergo some intermediate 
change, ,^whiclf. is effected in the liver, and which consists 
in tlieir 'conversion into a peculiar form of saccharine 
matter, v^y similar to glucose, or diabetic sugar. That 
sucl; influence is exerted by the liver seems proved by the 
fact that when cane sugar is injected into tjie jugular vein 
it is speedily thrown, out of the system, and appears in the. 
urine; but when injected into the portal vein, and thus 
fcuabled to traverse the liver, it ceases to be excreted at the 
kidneys; and, what is still more to the point, a very large 
cjuantity' of glucose may be injected into the venous aystem 
without afay trace 6f it appearing in the urine. So that it 
may be cobcludefl^ that the saccharine principles of the 
food underOT, jnSjheir passage tlirough the liver, some 
transformatii^ needi^sary to the subsequent purpose they 
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have to fulfil in relation to the respiratory process, and 
without which, such purpose* probably could not , be pro- 
perly accomplished, and the substances themselves would 
be eliminated as foreign matters by the kidneys. 

Then, again, it was discovered by Bernard, and the 
discovery has been amply confirmed, that the liver pos- 
sesses the remarkable proper^ of forming glucose or grape- 
sugar (CfjIIj gOjj), or a substance readily convertible into 
sugar, even out of principles in the blood which contain no 
trace of saccharine or amylaceous matter. In Herbivora 
and in animals living on mixed diet, a large part of the 
sugar is derived from the saccharine and amylaceous 
principles introduced in their food. ■ But *in animals fed 
exclusively on flesh,* and deprived therefore of this source 
of sugar, the liver furnishes the means whereby it may be 
obtained. Not only in Carnivora, however, but apparently 
in all classes of animals, the liver is continually engaged, 
during health, in forming sugar, or a substance closely 
allied to it, in large amount. This substance may always 
be found in the liver, even when absent fi’om aU otJier parts 
of the body. 

To demonstrate the presence of sugar in the liver, a por- 
tion of this organ, after being cut into small pieces, is 
bruised in a mortar to a pulp with a small quantity of 
water, and the pulp is boiled with sulphate of soda in order 
to precipitate albuminous and colouring matters. The de- 
coction is then filtered and may be tested for glucose. The 
most usual test is Trommer’s. To the filtered solution an 
equal quantity of liquor potas’sro is added, with a few drops 
of a solution of sulphate of copper. The mixture is then 
boiled, when the presence of sugar is indicated by a reddish- 
brown precipitate of the suboxide of copper. 

The researches of Bernard and others, however, have 
shown that the sugar is not formed at once at the liver, 
but that this organ has tlie power of produping a peculiar 
substance allied to starch, Which is readily convertible into 
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glucose Ti^hen in contact with any animal ferment. This 
substance has received the different names of glycogen^ 
glycogenic substance, animal starch, hepatin. 

Glycogen (C, q) is obtained by taking a portion 

of liver from a recently killed animal, and, after cutting it 
into small pieces, placing it for a short time in boiling 
water. It is then bruised in a mortar, until it forms a 
pulpy mass, and subsequently boiled in distilled water for 
' about a quarter of an hour. The glycogen is x>recipitated 
from the filtered decoction by the addition of alcohol. 

When purified, glycogen is a white, amorphous, starch- 
like substance, odourless and tasteless, soluble in water, 
but insoluble in alcohol. It is converted into glucose by 
boiling with dilute acids, or by contact with any animal 
ferment. - 

There are two chief theories concerning the immediate 
destination of glycogen. (l.) According to Bernai'd and 
most other physiologists, its conversion into sugar takes 
place rapidly during life, and the sugar is conveyed away 
by the blood of the hepatic veins to be consumed in 
respiration at the lungs. (2.) Pavy and others believe that 
the conversion into sugar only occurs after death, and that 
during life no sugar exists in healthy livers, — the amyloid 
substance or glycogen being prevented by some force from 
undergoing the transformation. The chM arguments 
advanced by Pavy in support of this view are, first, that 
scarcely a trace of sugar is found in bloqd drawn during 
life from tlie right ventricle, or in blood collected from the 
right side of the heart immediately after an animal has 
been suddenly deprived of life, while if the examination be 
delayed for a little while after death, sugar in abundance 
may be found in such blood; secondly, that the liver, 
like the yenods blood in the heart, is, at the moment of 
death, almost completely free from sugar, although after- 
watds its tissije speedily becomes saccharine, unless the 
of . sugar be prev^tod by freezing, boiling, or 
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otlier means calculated t<5 interferer with the action of a 
ferment on tlie amyloid subst*ance of the organ. Instead 
of adopting Bernard’s view, that normally, during life, 
glycogen passes as sugar into the hepatic venous blood, and 
thereby is conveyed to the lungs to be further disposed of, 
Pavy inclines to believe that it may represent an intermediate 
stage in the formation of fat from materials absorbed from 
tlie alimentary canal. 

For the present we must remain uncertain as to which 
of these theories contains most truth in it. 

Whatever be the destination of this peculiar amyloid 
substance formed at the liver, most recent • observers agree 
tiiat it is formed at, and exists within, the hepatic cells, 
from which it may be extracted by the process just de- 
scribed.' 

Much doubt exists also respecting the mode in which 
glycogen is formed in the liver, and the materials 
which furnish its source. Since its quantity is increased 
after feeding, especially on substances containing much 
sugar or starch, it is probable that part of it is derived 
from saccharine principles absorbed from- the digestive 
canal ; but since its formation continues even when tliere 
is no starch or sugar in the food, the albuminous or fatty 
principles also have been thought capable of furnish- 
ing part of it. Numerous experiments, however, having 
proved that the liver continues to form sugar in animals 
after prolonged, starvation, and during hybernation, and 
even after death, its production is clearly independent 
of the elements of food. One of Bernard’s experiments 
may be quoted in proof of this ; — Having fed a healthy dog 
for many days exclusively on flesh, he killed' it, removed 
.the liver at once, and before the contained blood could 
have coagulated, he thoroughly washed **out its tissue by 
passing a stream of cold ^ater through the portal vein. 
He continued the injection jmtil th^ liver leas pompletely 
exsanguined, until the issuft^ water oonti|in0d not a trace 
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of sugar or albumen, «nd until no sugar was yielded by 
portions of the organ cut into slices and boiled in water. 
Having thus deprived the liver of all saccharine matter, 
lie left it for twenty-four hours, and on then exainining it, 
found in its tissue a large (piantity of soluble sugar, whidi 
must clearly have been formed subsequently to the organ 
being washed, and out of some previously insoluble and 
non-saccharine substance. 'lliis and other experiments 
' led him and . others to the conclusion that the formation 
of the amyloid substance by the liver is the result of a 
kind of secretion or elaboration out of materials in the 
solid tissues of the gland — such seiTOtion being probably 
effected by "the hepatic colls, in which, indeed, as already 
observed, the substance has been detected. 

According to this view, then, the liver may be regarded 
as an organ engaged in forming two kinds of secretion, 
namely, bile and sugar, or rather, gl^^cogen readily con- 
vertible into sugar. The former, eh icily excrementitious, 
passes along the bile-ducts into the intestines, where it 
may subserve some purposes in relation to digestion, and 
is then for the most part ro-absorb(',d, and ultimately 
eliminated during the processes concerned in the produc- 
tion of animal heat, TJie' latter, namely sugar, being 
Sidiible, is, unless Pavy's view be correct, taken up by the 
b'lood in the hepatic vein, conveyed through l;he right side 
of the heart to the lungs, where it is probably consumed in 
the respiratory process, and th%s contributes to the pro- 
duction of animal heat. 

The formation of glycogen or of sugar is, like all other 
processes in the living body, under the control of the 
nervous system. Bernard discovered that by pricking the 
floor of the fourth ventricle,^ the quantity of i^tigar formed, 
was so much in eicess of tfte normal quantity, as to be ex- 
acted by the kidney, and thus producq the leading symptom 
(gectionof the inferior cervical ganglion of the 
nerve also produces diabetes. 
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The channel by which the inflaence of the nervous 
system is conducted in the precefding and similar experiments 
is not accurately known ; no theory having been perma- 
nently established, which explains all the facts hitherto 
observed in connection with the influence of the nervous 
system on the production of glucose. 

Summary of the Changes which take place in the Food during 
its Passage through the.. Small Intestine, * 

In order to understand the changes in the ‘food which 
occur during its passage through the small intestine, it 
will be well to refer briefly to the state in which it leaves 
the stomach through tlie pylorus. It has been said 
before, that the chief office of the stomach is not only to 
mix into an uniform mass all the varieties of food that 
reach it through the oesophagus, but especially to dissolve 
the nitrogenous j)ortion by means of the gastric juice. 
The fatty matters, during their sojourn in the stomach, 
become more thoroughly mingled \^ith the other consti- 
tuents of the food taken, but are not yet in a state fit for 
absorption. The conversion of starch into sugar, whicli 
began in the mouth, lias been interfered with, although 
not stopped altogether. The soluble matters — both those 
which were so from the first, as sugar afid saline matter, 
and those which have been made so by the action of the 
^saliva and gastric juice — have begun to disappear by ab- 
sorption into the blood-vessels, and the same thing has 
befidleu such fluids as may have been swallowed, — wine, 
water, etc. 

The thin pultaceous chyme, therefore, wliich, during the 
whole period of gastric digestion, is being constantly 
squeezed or strained through the pylori*^ orifice into the 
duodenum, consists of albuminous matter, broken down, 
dissolving and half dissolve^, fatty mattet, broken down, 
but not dissolved at all, starch very slowly in process of 
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conversion into sugar, and as it becomes sugar, also dis- 
solving in the fluids with wliich it is mixed ; while with 
these are mingled gastric fluid, and fluid tliat has been 
swallowed, together with such portions of the food as 
are not digestible, and 'svill be finally expelled as part of 
tho feces. 

On the entrance of the chyme into the duodenum, it is 
subjected to the influence of tlio fluid secreted by Liobcr- 
‘ kiiUn’s and Bruun’s glands, ])eforG described, and to tliat 
of the bile and pancreatic juice, which are poured into this 
part of the intestine. 

Witliout doubt, that part of digestion which it is a chief 
duty of tlie siAall intestine to perform, is the alteration of 
tlie fat in such a manner as to make It fit for absoi'piion. 
And there is no doubt that this change is chiefly ellected 
in tho uj)per i)art of tho small intestine. Wliat is tho 
exact share of the process, however, allotted respectively 
to tlie bile, pancreatic secretion, and tlio secretion of th(^ 
intestinal glands, is still uncertain. It is most pi'obable, 
liowever, that the i)ancroatic secretion and the bile are 
the main agents in emulsifying tlie fat, and that tlioy do 
til is by direct admixture witli it. They also promote its 
absorption by moistening the surface of the villi Qi. 331). 

During digestion in the small intestine, the villi become 
turgid with blood, their epithelial cells become filled, by 
ab.^orption, with fat-globules, which, after minute division, 
transude into tlio granular basis of thp villus, and thence 
into the lacteal vessel i^i the centre, by which they are 
conveyed along the mesentery to the lymphatic glands, 
and thence into the thoracic duct. A part of the fat is 
also absorbed by the blood-vessels of the ihtestine. The 
term chyle is sometimes applied to the emulsified contents 
of tho intestine ^after their admixture with the bile and 
X>anCTeatic jukje ; but more strictly to the fluid contained in 
the , lacteal vessels during digestion, which differs from 
©rdiniiy lyi^ph contained in the same.v^sels at other times, 
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chiefly in the greatly increased quantity of fat particles 
which have been, absorbed from the small intestine. 

Although the most evident function of the small intes- 
tine is the digestion of fat, it must not be forgotten that 
a great j)art of the other constituents of the food is by no 
means completely digested when it leaves the stomach. 
Indeed, its leaving it unabsorbed would, alone, be proof of 
this fact. 

The album 'mom substances which have been partly 'dis- 
solved in the stomach continue to be acted on by the 
gastric juice which passes into the duodenum with them, 
and the effect of the last-named secretion is assisted or 
complemented by that of the x^‘*^^creas and intestinal 
glands. As the albuminous matters are dissolved, they 
lire iibsorbed chiefly by the blood-vessels, and only to a 
smLill extent, probably, by the laeteals. 

TJio slarcfu/y or amylaceous portion of the food, the con- 
version of which into dextrin and sugar was more or less 
iuterruj)ted during its staj’’ in the sfomach, is now acted 
on briskly by the secretion of the x>ancreas, and of Bruiin’s 
glands, and perhaps of Lieborkiilin’s glands also, and the 
sugar as it is formed dissolves in the intestinal fluids, and 
afterwards, like the albumen, is absorbed cliiefly by the 
blood-vessels. 

The liquids, swallowed as such, which may have escaped 
absorption in the stomach, are absorbed probably very 
soon after their entrance into the intestine ; the fluidity of 
the contents of the latter being j^reserved more by tlie con- 
stant secretion of fluid by the intestinal glands, pancreas, 
and liver, than by any ^ given portion of fltiid, whether 
swallowed or secreted, remaining long unabsorbed. From 
this fact, therefore, it may be gathered that there is a 
kind of circulation const^tly proceeding from the intestines 
into the blood, and from^ the blood int 9 the intestines 
again ; for, as all the fluid, probably a very Isiirge ai^unt, 
secreted by. » the intestinal glmids^ must home from the 
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blood, the latter would be too much drained, were it not 
that the same fluid after secretion is again re-absorbed 
into tlie current of blood — going into the blood charged 
with nutrient products of digestion — coming out again by 
secretion through the glands in a comparatively uiichiirged 
condition. 

It has been said before that the contents of the stomach 
during gastric digestion have a strongly acid reaction. 
On^the entrance of the chyme into the small intestine, 
this is gradually neutralized to a greater or less degree by 
admixture with the bile and other secretions with which 
it is mixed, and the acid reaction beiiomes less and less 
strongly marked as the chyme passes along the canal 
towards the ileo-cmcal valve. z 

Thus, all the materials of the food are acted on in the 
small intestine, and a great portion of the nutrient matter 
is absorbed — the fat chiefly by the lacteals, the other 
principles, when in a state of solution, chiefly by the blood- 
vessels, but neither, ^probably, exclusively by one set of 
vessels. At the lower end of the small intestine, the chyme, 
still thin and pultaceous, is of a light yellow colour, and 
has a distinctly fmcal odour. In this state it passes 
through the deo-csDcal opening into the large intestine. 


Summary of the Process of Digestion in the Large Intestine. 

The changes which take place in the chyme after its 
passage from the small into the large intestine are probably 
only the continuation of the same changes that occur in 
ihe course of the food^s passage through the upper part of 
the intestinal canal. From the absence of villi, however, 
ve may conclude that absorj^tion, especially of fatty 
inatter, is in gr^at part completed in the small intestine, 
while, from ihe still half-liquid, pultaceous consistence of 
the chyme wljen it first enters tlie cascum, there can be no 
douTbt that the absorption of liquid is not by any means 
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concluded. The peculiar odour, moreover, which is 
acquired after a short time by the contents of the large 
bowel, would seem to indicate the addition to tliem, in 
this region, of some special matter, probably exnretory. 
The acid reaction, which had become less and less distinct 
in the small bowel, again becomes very manifest in the 
ca3cura — probably from acid fermentation processes in some 
of the materials of the food. 

There seems no reason, however, to conclude thatf any 
special, ' secondary,* digestive process occurs in the cmcuni 
or in any other part of the large intestine. Probably any 
constituent of the food which has escaped digestion and 
absorption in tlie small bowel may be digested in the large 
intestine; and the power of this i)art of the intestinal 
<;anal to digest fatty, albuminous, or other matters, may 
be gatliered from the good elFects of nutrient eneinata, so 
frequently given when from any cause there is difiiculty in 
introducing food into the stomach. In ordinary healthy 
digestion, liowover, the changes whi<jh ensue in the chyme 
after its passage into the large intestine, are mainly the 
absorption of the more liquid parts, and th& addition of 
the special excretory products which give it the charac- 
teristic odour. At the same time, as before said, it is 
probable that a certain quantity of nutrient matter always 
escapes digestion in the small intestine, and that this 
happens more especially when food has been taken in 
excess, or when it is of such a kind as to be difficult of 
digestion. Under these circumstances there is no doubt 
that sucih changes as were proceeding in it at the lower 
part of the ileum may go on unchecked in the large bowel, 
— the process being assisted by the secretion of the nume- 
rous tubular glands therein present. 

By these means the contents of the large intestine, as 
they proc^d towards the, rectum, become more and more 
solid, and losing their more' liquid and mutrient. p^s, 
gradually acquire the odour and consistence, characteristic 
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of fjEoces. After a sojourn of uncertain duration in the 
rectum, they are finally expefied by the contraction of its 
muscular coat, aided, under ordinary circumstances, by the 
contraction of the abdominal muscles. 

For a description of the mechanism by which the act of 
defcBcation is accomplished, see p. 223. 

The average quantity of solid fiecal matter evacuated by 
the human adult in twenty-four hours is about five ounces ; 
an uncertain i>roportion of whicli (ionsists simply of llic 
undigested or chemically modified residue of the food 
and the remainder of certain matters which are excieicd 
in tlie intestinal canal. 


Composition 0/ Faces. 

XVater 

Soli<lu 


Special excr(5iiientitiojj[s const itnej its ; — Excrctin/ 
excretolcic acid (Murcet), and stcrcoriii 
(Austin Flint). 

Salts :~ChieHy phosjihate of magnesia and phos- 
phate of lime, with small quantities of iron, 
soda, In^ic, and silica. 

Insoluble residue of the food (chiefly starch, 
gi'ains, woody tis-sne, particles of cartilage, 
and fibrous tissue, undigested muscular fibres 
or fat, and the like), witli insoluble substances 
accidentally introduced with the food. 

Mucus, epithelium, altered colouring matter of 
bile, fatty acids, etc. ' 

The time occupied by the journey of a given portion of 
food from the stomach to the anus, varies considerably even 
iu health, and oif this- account, probably, it is that such 
different opinions lhave been expressed in regard to the 
subject. Dr. Brfnton supposes twelve hours to be occupied 
by the journey of an ordinary meal through the small intes- 
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fine, and twenty- four to thirty-six hours by the passage 
tiu'ough the large bowel. * 


On the Ga^es contained in the Stomach and [ntestmcs. 

It need scarcely be remarked that, under ordinary cir- 
cumstances, the alimentary canal contains a considerablo 
<j[uantity of gaseous matter. Any one Avho has had occa- 
sion, iu a post-morteui examination, either to lay opej:i the 
intestiaes, or to let out the gas which they contain, must 
have been struck by the small space afterwards occupied 
by tlie bowels, and by tlie large degree, therefore, in whicli 
the gas, which naturally distends them, contributes to fill 
the cavity of the alTdomen. Indeed, the presence of air iu 
the intestines is so constant, and, within certain limits, the 
amount in health so uniform, that there can be no doubt 
lhat its existence hero is not a mere accident, but intended 
to serve a definite and important purpose, although, pro- 
bably, a mechanical one. 

The sources of the gas containe*d in the stomach and 
bowels may be thus enumerated — 

1 . Air introduced in tlie act of swallowing either food or 
saliva. 

2. Gases developed by the decomposition of alimentary 
matter, or of the secretions and excretions mingled with it 
in the stomach and intestines. 

3. It is probable that a certain mutual interchange 
occurs between the gases contained in the alimentary 
canal, and those j^resent in the blood of the gastric and in- 
testinal blood-vessels ; but the conditions of the exchange 
are not known, and it is very doubtful whether anything 
like, a true and definite secretion of gas from the blood 
into the intestines or stomach ever 'takes*place. There can 
be no, doubt, however, that the intestines may be the 
proper excretory organs for odoroife and other sub- 
stances, either absorbed from the air token into the lungs 
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in inspiration, or absorbed in the upper part of the 
alimentary canal, again to be excreted at a portion of the 
same tra()t lower down — in either case assuming rapidly 
a gaseous form after their excretion, and in this wayi 
l>erhaps, obtaining a more ready egress from the body. 

It is probable that, under ordinary circumstances, the 
gases of the stomach and intestines are derived chiefly from 
the second of the sourcei^ which have been enumerated. 


Tabular Auahjufi of Gases contained in the Alimentary Canal, 


Wlionco obtained 


ComiX)sitioij by Volumo. 


Oxygen 

' 


Hydrog 

Carburet 

Hydrogen 

Stomach . . . . u 

71 : 14 

4 


Small Intestine . ' — 

32 30 

3 » 

— 

(/iiicum .... — 

66 > 12 

8 

13 

(Joloii ...... — 

35 ' 57 

6 

s 

kectum .... — < 

46 43 


II 

Kxpellc(l/w;r ojMow 

22 41 

19 

1 19 




The above t abular analysis of the gases contained in the 
alimentary canal has been quoted from the analyses of 
Jurine, Magendie, Marchand, and Chevreul by. Dr. Brinton, 
froni whose work the above enumeration of the sources of 
the gas has been also taken. 


Movements of the Intestines. 

It remains only to consider the manner in which tlie 
food and the several secretions mingled with it are 
moved through the intestinal canal, so as to be slowly 
subjected to the influence of fresh portions of intestinal 
S^retion, and as slowly exposed to the absorbent power 
^ ail the villi and blood-vessels of lib® tnucous mem- 
brane. The movement of the intestines m ^peristaltic 
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or vermicular y and is effe<3ted by the alternate con- 
tractions and dilatations of successive portions of the 
intestinal coats. The contractions, which may commence 
at any point of the intestine, extend in a wave-like 
manner along the tube. In any given portion, the longi- 
tudinal muscular fibres contract first, or more than the 
circular ; they draw a portion of the intestine upwards, or,, 
as it were, backwards, over the substance to be propelled, 
and tlien the circular fibres of the same portion contracting 
in succession from above downwards, or, as it were, from 
behind forwards, press on the substance into the portion 
next below, in which at once the same succession of actions 
next ensues. These movements take place slowly, and, in 
healthy are commonly unperceived by the mind ; but they 
are perceptible when they are accelerated under the influ- 
ence of any irritant. 

The movements of the intestines are sometimes retro- 
grade ; and there is no hindrance to the backward move- 
ment of the contents of the small intestine. But almost 

• * 

complete security is afforded against tlie passage of the 
contents of the largo into the small intestine by tlie ileo- 
cPBcal valve. Besides, — the orifice of communication 
between the ileum and coscum (at tlie borders of which 
orifice are the folds of mucous membrane which form 
the valve) is encircled with muscular fibres, the con- 
traction of which prevents the undue dilatation of the 
orifice. 

Proceeding from above downwards, the muscular fibres 
of the large intestine become, on ^;he whole, stronger in 
direct proportion to the greater strength required for the 
onward moving of the faeces, which are gradually becoming 
firmer. The greatest strength is in the rectum, at the 
termination of which the circular unstriped muscular fibres 
form a strong band called the internal sphincter, while an 
external sphincter muscle with striped fibrejj^is placed rather 
lower down, and more externally, and holds the orifice close 
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by a constant slight contraction under the influence of the 
spinal cord. 

The peculiar condition of the sphincter, in relation to the 
nervous system, will be again referred to. Tlie remaining 
Portion of the intestinal canal is under the direct influence 
of the sympathetic or ganglionic system, and indirectly, or 
more distantly, is subject to the influence of the brain and 
spinal cord, which influence appears to be, in some degree, 
transinitted through the vagus nerve. Experimental irri- 
tation of the brain or cord produces no evident or constant 
effect on the movements of the intestines during life ; yet 
in consequence of certain conditions of the mind, the move- 
ments are accelerated or retarded ; and in paraplegia the 
intestines appear after a time much weakened in their 
l)ower, and costiveness, with a tympanitic condition, ensues. 
Immediately after death, irritation of both the symi)athetiQ 
and pneumo-gustric nerves, if not too strong, induces 
genuine i.)eristaltic movements of the intestines. "Violent 
irritation stops the movements. These stimuli act, no 
doubt, not directly on the muscular tissue of the intestine, 
but on the rich gaiiglibnic struc ture shown by Meissner to 
exist in the sub-mucous tissue. This regulates and controls 
the movenieDiS, and gives to thorn their peculiar slow, 
orderly, rhythmic, and peristaltic character, both naturally, 
and wlieu artificially excited. 
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ABSOKPTION. 

The process of absorption has, for one of its oTijects, the 
intipduction into the blood of fresh materials from the 
food and air, and of wliatover comes into contact with the 
external or internal surfaces of the body ; and, for another, 
the' taking away of parts of tlio body itself, when, liaving 
fulfilled their oflitie, or otlierwise requiring removal, they 
need to be renewed. In both these offices, i.e., in both 
absoi’ption from without and absorption from witliin, the 
process manifests l^omo variet}^ and a very wide range of 
action ; and in both it is probable that two sets of vessels 
are, or may bo, concerned, namely, the yood- vessels, and 
the lapteals or lymphatics, to which the term absorbents 
has been especially applied. 

Structure and Office of the Lacteal and Lymphatic Vessels and 

Glands, 

Besides the system of arteries and veins, with their inter- 
mediate vessels, the capillaries, there is another system of 
canals in man and other vertebrata, called tlie lymphatic 
system, which contains a fluid called lymp^h. Both these 
systems of vessels are concerned in absorption. 

The principal vessels of the lymphatic system are, in 
structure and general appearance, like very small and thiii- 
walled veins, and like tliem are provided with valves. By 
one extremity they commence by fine microscopic branches, 
the lymphatic capillaries or lymph' capillaries , in the organs 
and tissues of nearly every part of tliefbody, and by theii* 
other extremities they end directly or indirectly in two 
trunks which open into the large veins near the heart (fig. 
92), Their contents, the lymph .aid chyle^ unlike the blood, 



348 


ABSORPTION. 


pass only in one direction, namely, from the fine branches 
to the trunk and so to the large veins, on entering wliich 
they are mingled with the stream of blood, and form part 
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of its constituents, llemembering the course of the fluid 
in the lymphatic vessels, viz., its . pass^e in the direction 
only towards the large veins in the neighbourhood of the 
heart, it will be readily seen from fig. 92 that tho greater 
part of the contents of the lymplmtic system of vessels passes 


* Fig. 92. Diiigram of the -rincipal gtouiis of lymphatic vessels 
(from Quaiu). ^ 
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through a comparatively large trunk called the thoracic 
duct, which finally empties its contents into the blood-stream 
at the junction of the internal jugular and subclavian veins 
of the left side. There is a smaller duct on the right side. 
The lymphatic vessels of the intestinal canal are called 
lacteals, because, during digestion, the fluid contained in 
)' them resembles milk in appearance ; and the lymph in the 
lacteals during the period of digestion is called chyle. 
There is no essential distinction, however, between Iqcteals 
and lymphatics. 

In some part of their course all lymphatic* vessels pass 
through certain bodies called lymphatic glands. 

Lymphatic vessels are distributed in nearly all parts of 
the body. Theii? existence, however, has not yet been 
'determined in the placenta, the umbilical cord, the mem- 
branes of the ovum, or in any of the non-vascular j)art8, 
as the nails, cuticle, hair, and the like. 

The lymphatic capillaries commence most commonly 
either in closel y-mCs hed networks, or in irregular lacunar 
spaces between the various structures of which the dif- 
ferent organs ore composed. The former is the rule of 
origin with those lympliatics which are placed most su£)er- 
ficially, as, for instance, immediately beneath the skin, or 
under the mucous and serous membranes ; while the latter 
is most common with those w^hich arise in the substance of 
organs. In the former instance, their walls are composed 
of but little more Aan homogeneous membrano, lined by 
a single layer of epithelial cells, very similar to those 
which line the blood-cax)illaries (fig. 49). In the latter 
instance the small irregular channels and spaces from 
which the lymphatics take their origin, although they are 
formed mostly by the chinks and crannies between the 
blood-vessels, secreting ducts, and oth<Jf parts which may 
happen to form the framework of the organ in which they 
exist, yet have also a layer ^f epitheliaf c^lls to define and 
bound them. 
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The lacteals appear to offer an illustration of another 
moclo of origin, namely, in blind dilated extremities (figs. 

93 -* 



* in"» 93- Lyiiipbatic vessels of the head and neck of the upper 
[>ai t of the tniiik (from Mascagni). — The chesf? and pericardium have 
beeii o]»eiicd on the left side, and the left niannna detached and thrown 
outwards over the left arm, so as to expose a great part of its deep 
surface. The principal lymphatic vessels and glands are s^wn on the 
side of the head and face, and in the neck, axilla, and mediastiilum. 
IJeluecn the left internal jugular vein and the common carotid artery, 
tl: upper ascending ^rt of the thoracic duct marked i, and above 
this, and descending to 2 , the arch and last part of the duct. The 
termination of the uflper lymphatics of* the diaphragm in the medi- 
astinal glands, as well as tho cardiac and the deep mammary lymphatics, 
are also shown. 
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Si, 82); but there is no essential difference In structure 
between these and the lympllatic capillaries of other parts, 
llecent discoveries seem likely to put an end soon to the 


/V7. 94.* 



* Fig. 94 . Supciticial lyrtiphatics of the foi’carm and palm of tho 
hand, 4 (after Mascagni). 5 .* Two small glandij at tho bend of the 
arm. 6 . Radial lymphaWo vsssas. 7- lymphatic vessels. 

8 , 8 . Palmar arch of lymphatics. 9, 9'- and inner sets of vessels. 
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long-standing .discussion whether any direct communications 
exist between the lymph-capiilaries and blood-capillaries ; 
the need for any special intercommunicating channels seem- 
ing to disappear in the light of more accurate knowledge of 
the structure and endowments of the parts concerned. For 
while, on the one hand, the fluid part of the blood con- 
stantly exudes or is strained through the walls of the blood - 
capillaries, so as to moisten all ‘the surrounding tissues, 

- and ^occupy tlie interspaces which exist among their 
different elements, these same interspaces have been shown, 
as just stated, to form the beginnings of the lymph-capil- 
laries. And while, for many j^ears, the notion of the 
existence of any such channels between the blood-vessels 
and lymph -vessels, as would admit bli>od-corpu8(des, has 
been given up, recent observations have proved that, for 
the passage of su(;h corpuscles, it is riot necessary to assume 
the presence of any special channels at all, inasmuch as 
blood*corpusclcs can pass bodily, without much difficulty, 
through the walls of the blood-capillarios and small vtnns 
(p. 164), and could pliss wdtli still less trouble, probably, 
through the comparatively ill-dclined walls of the capiUmies 
which contain lymph. 

Observatiojs ol ilecklingliauson have led to the dis- 
cov(*ry that in certain parts of the body openings exist 
by which lymphatic capillaries directly communicate with 
parts hitherto supposed to be closed cavities. If the peri- 
toneal cavity be injected with milk, an injection is obtained 
of the plexus of lymphatic vessels of the central tendon of 
the diaphragm ; and on removing a small portion of the 
central tendon, with its peritoneal surface uninjured, and 


A Cephalic vein. Kadiol vein. e. Median vein. /. TTInar vein. 
The lymphatics are represented as lying on the deep fascia. 

^ - 95 - Superjiicial lymphatics of right groin and upper part oi 

.fhijgh» t (after Masca^ii). i. Upper iijguinal glands. 2'. Lower in- 
'^gninal or femoral ^jlands. 3, 3. Tlexus of ^lymphatics in the course of 
’ the long saphenous vein. 
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examining the process of absorption under the micro- 
scope, liecklinghausen noticed that the milk-globules ran 
towards small natural 02>enings or stomata between the 
epithelial cells, and disappeared by passing vortex-lilv(3 
through them. The stomata, wliich liad a roundish oiiliUno, 
were only wide enougli to admit two or three milk-glol ailes 
abreast, and never exceeded the size of an epithelial cell. 
Openings of a similar kind have been found by Dyl)skowsky 
in the pleura ; and as they may be presumed to exigt in 
other serous membranes, it would seem as if the. serous 
cavities, hitherto supposed closed, form but a large widen- 
ing out, so to speak, of tlie lymph-capillary system with 
which they directly commuiiitrale. 

In structure, thd medium-sized and larger lymphatic 
vessels are very like veins ; having, according to Kcilliker, 

I an, external coat of tibro-cellular tissue, with elastic 
filaments ; within this, a thin layer of fibro-cellular 
tissue, with organic muscular fibres, which have, prinii- 
; pally, a circular direction, and arc much more abundant in 
.1 the small than in the larger vosstds ; and again, witliin 
i this, an inner elastic layer of longitudinal fil)res, and a 
lining of epithelium ; and numerous valves. Tlie valves, 
constructed like those of veins, and with the free edges 
turned towards the heart, are usually arranged in pairs, 
and, in the small vessels, are so closely placed, that when 
the vessels are full, the valves constricting them where 
their edges are attached, give them a peculiar braided or 
knotte^^pearance (fig. 99). 

With the help of tlie valvular mechanism, all occasional 
pressure on the exterior of the lymphatic and lacteal ves- 
sels propels the lymph towards the heart : thus muscular 
and other external pressure accelerates the flow of the 
lymph as it does that of the blood in the veins (see p. 1 70). 
The actions of the muscular fibres of the small intestine, 
and probably the layer of ^organic muscle* present in each 
intestinal villus (p. 307^, seem to assist in propelling the 
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(diylo: for, in the small intestine of a mouse, Poisouille 
saw the chyle moving with 'intermittent propulsions that 
appeared to correspond with the peristaltic movements of 
the intestine. But for the general propulsion of the lymph 
and (‘hyle, it is probable that, together witli the vis a tergo 
resulting from absorption (as in the ascent of sap in 
a tree), and from external pressure, some of the force may- 
be derived from the contractility of the vessel’s own walls. 
KolMker, after watching the lymphatics in the transparent 
tail of the tadpole, states that no distinct movements of 
their walls can ever bo seen, but as tlioy are emptied after 
death they' gradually contract, and then, after some time, 
again dilate fo their former size, exactly as the small 
arteries do under the like circumstances. Thus, also, the 
larger vessels in the human subject commonly empty 
themselves after death ; so that, although absorption is 
probably usually going on just before tlie time of death, it 
is not common to see the lymxdiatic or lacteal vessels- full. 
Their x)ower of contraction under the inllucnce of stimuli 
has been demonstrated by Kdlliker, who applied tho wire 
of an electro-magnetic apparatus to some well-filled 
lyra]>hatics on the skin of a boy^’s foot, just after the re- 
moval of Lis leg by amputation, and noticed that the 
calibre of the vessels diminished at least one half. It is 
most probable that this extraction of the vessels occurs 
during life, and that it consists, not in peristaltic or undu- 
hitory movements, but in an uniform contraction of the 
successive portions of the vessels, by which pressure is 
steadily exercised upon their contents, and which alternates 
with their relaxation. 

Lgmphatic Glands, 

i, ,Almo8t all lylin)hatic and lacteal vessels in some part of 
course pass through one or more small bodies called 
lymphatic glf^ds (fig. ,99). 

A lymphatic gland is covered externally by a capsule of 
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connective tissue, which invesjis and supports the glandular 
structure withi^ ; while prolonged from its inner surface 
are processes or trabeculce which, entering the gland from 
all sides, and freely communicating, form a fibrous scaf- 
folding or stroma in all parts of the interior. Thus are 
formed in the outer or cortical part of the glands (fig. 96) 
in the intervals of the 
trabecula), certain inter- 
communicating sjiaces 
termed alveoli ; while 
a finer nieshwork is 
formed in the more cen- 
tral or medullary ■part. 

In the alveoli and the 
trabecular meshwork the 
proper gland substance 
is contained ; in the form of nodules in the cortic'al alveoli, 
and ‘of rounded cords in the medullary part (fig. 97). 
The gland-substance of one part' ^ continuous directly 
or indirectly with that of all others. 

The essential structure of lymphatic-gland substance 
resembles that which was described as existing, in a simple 
form,' in the interior of the solitary and agminaled intes- 
tinal follicles (p. 302). Pervading all parts of it, and 
occupying the alveoli and trabecular spaces before referred 
to, is a network of tlie variety of connective tissue termed 
retiform tissue (fig. 98), tlie interspaces of wliicli are 
occupied by lymph-corpuscles. The corpuscles are ar- 
ranged in such a way, that while in the (icntre of the 
alveoli and of each mesh they are so crowded together 
as to be, with the retiform tissue pervading them, a con- 


Fig. 96.'* 



« 96 (after KoUiker), Section of a mesenteric gland from the 

ox, slightly magnified, a, hilift ; h pn the centrai part the figure), 
medullary substance ; c, cortical substance with indiStinct alveoli ; dy 
capable. 


A A 2 
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sistent gland-pulp, continuous in the form of the nodules 
and cords, before referred to, throughout tlie whole gland, 
they are in comparatively small numbers in the outer x>art 
of the alveoli and Tiieshes, and leave this portion, as it 
were, open. (See figs. 97, 98.) This free space between 
the gland-pulp and the trabecular stroma, occupied only by 
retiform tissue, is called the lymph -channel or hjmyh-path, 
because it is traversedj^y tlie lymph, which is eoiitiimally 
brought to tlie gland and conveyed away from it by 



lymphatic vessels; those which bring it being termed 
[afferent vessels, and those which take it away efferent 
* vessels. The former enter the cortical part of the gland 
and open into' its alveoli, at the same time that they lay 
aside all their coats except the epithelial lining, which may 
be said to continue to line the lymph-path into which the 


* Fig. 97. Section of Medullary Substance of an Inguinal Gland 
of an Ox (iirgnifitJd 90 diameters), a, a, glandular substance or 
pulp forming rt^nnded cords joining in a continuous net (dark in the 
tigure) ; r, c, traboouhe ; the space, hf h, between these and the gland- 
ular substance !s the lymph-sinus, washed clear of corpuscles and 
sed by filaments of retiform connective tissue (after Kcilliker). 
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contents of tlie afferent vessels ‘no^v pass. The efferent ves- 
sels begin in the medullary part of the gland, and are 
continuous with the lymph-path here as the afferent vessels 
were with the cortical portion; the epithelium of one is 
continuous with that of the other. 

Blood-vessels are freely distributed to the trabecular 
tissue and to the gland-pulj) (fig. 98). 

Properties of Lymph and Chyle, 

The fluid, or lymjdt, contained in the lympliatic vc*sscls 



is, under ordinary circumstances, clea r, transparent, and 

* Fig. 98. A Small Portion of Medullary Substance from a Mesen- 
teric Olaiid of the Ox (raaguified 300 diameters), d, trabeculm ; a, 
part of a cord of glandular substances from which all but a few of 
the lymph -corpuscles have been washed out to show its supporting 
lucshwork of retiform tissue and its capillary blood-vessels (which have 
been injected, and are dark in the t^^rc) ; &, &, lym^^h-sinus, of wldch 
the retiform tissue is represented only at c (after KiJlliker). 
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colourless, or of a pale yellow tint. It is devoid of smell, 

I is slightly alkaline, and has a saline taste. As seen with 
the microscope in the small transparent vessels of the tail 
of the tadpole, the lymph usually contains no corpuscles or 
1 particles of any kind; and it is j)rol)ably only in the larger 
trunks in wliicli, by a process similar to that to be described 
in tlje chyle, the lymph is more elaborated, that any cor- 
F!<j 90.^ puscles are formed. These corpuscles are 
similar to those in the chyle, but less numc- 
, rous. The fluid in which the corpuscles float 
is commonly and in health albuminous, and 
contains no fatty partic les or molecular base ; 
but it is liable to variations according to the 
general state of the blood, and that of the 
organ from which the lymph is derived. As 
it advances towards the thoracic duct, and 
passes through the lymphatic glands, it be- 
comes, like chyle, spontaneously coagulable 
from the formation of fibrin, and the number 
of corpuscles is much increased. 

The fluid contained in the lactealSy or 
lymphatic vessels of tho intestine, is clear 
■ and transparent during fasting, and differs 
in no respect from ordinary lymph; but 
during digestion, it becomes milky , and is 
termed chyle. 

Chyle is an opaque, whitish fluid, resem- 
bling milk in ai)pearanee, and having a neu- 
tral or slightly alkaline reaction. Its w’hite- 
uess and opacity are due to the presencoj 
of innumerable particles of oily or fatty matter, of exceed- 
ingly minute tliough nearly u^form size, measuring on the 
average 'about of an inch (Gulliver). These con- 

stitute what Mr. Gulliver appropriately terms the 

* ■ - ,-n- 

* Fig. 99. A lymph^itic glund from the axilla, with its afferent and 
efferent vessels, injected with mercury (after Bendz), 
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Tlieir number, Tand consequently the oi)fi(:ity’ 
of the chyle, are dei)endont* upon the <piantity of fatty 
matter contained in the food. Hence, as a rule, the chyle i 
is whitish and most turbid in carnivorous animals; less so|' 
in Ilerbivora ; while in birds it is usually transparent, j 
The fatty nature of tho molecules is made manifest by 
their solubility in ether, and, when the ether evaporates, 
by their beiii^ deposited in various- sized drops of oil.-^ 
Yet, since they do not run together and form a larger 
drop, as particles of oil would, it appears very probable 
that eatih mohumlo consists of oil coated over* with albu- 
men, in tho manner in which, as Ascherson observed, oil 
always becomes covered when set free in minute dro])S in 
an albuminous solution. And tliis view is supported by 
tlie fact, that when water or dilute acetic acid is added to 
(ihylo, many of the molecules are lost sight of, and oil- 
drops appear in their plac*e, as if the investments of the 
molecules had been dissolved, and their oily contents had 
run together. 

Except tliese molecules, the chyle taken from tho villi 
or from laeteals near them, contains no o-tlier solid or 
organiztxl bodies. Tlie fluid in whhth the molecules float 
is albuminous, and does not spontaneously coagulate, 
though coagulable by the addition of ether. Hut as tho 
chyle passes on towards the thoracic diict, and especially 
wliil© it traverses one or more of tho mesenteric glands 
(propelled by forces which h^ve been desonibed witli the 
structure of the vessels), it is elaborated. The quantity of 
molecules and oily particles gradually diminishes; cells, to 
] which the name of chyle-corpuscles is given, are developed 
) in it ; and by the formation of fibrin, it acquires the pro- 
*]p'erty of coagulating spontaneously. The higher in the 

♦ Some of the molecules remain uiidissol);c(l by the ether ; but 
this appears to be due to their being defended from* the action of the 
ethe> by being entangled within the albiunen which it coagulates. 
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thoracic duct the chylo advances, the more is it, in all 
these respects, developed; the greater is the number of 
chjde-corpuseles, and the larger and firmer is the clot 
which forms in it when withdrawn and loft at rest. Such 
a clot is like one of blood, without the red corpuscles, 
liaving the chyle-corpuscles entangled in it, and the fatty 
matter forming a white creamy film on the surface of the 
serum. But the clot cliyle is softer and nioister than 
that of blood. Like blood, also, the chyle often remains 
for a long time in its vessels without coagulating, but 
coagulates rajiidlj' on being removed from them (Bouisson). 
The existence of fibrin, or of the materials which, by their 
union form it (p. 65 et is, theijefore, certain; its 

increase appears to be (iominensurate with that of the 
corpuscles ; and, like them, it is not absorbed as such from 
the cli3une (for no fi))rin exists in the chyle in the villi), 
but is gradually elaborated out of the albumen which chyle, 
in its earliest condition, contains. 

The structure of the chyle-corpuscles was described 
when si)eaking of the white corpuscles of the blood, with 
which they are ideiithial. 

From wliat has been said, it will ai>pear that j>erfect 
chyle and lymph are, in essentijil characters, nearly similar, 
and scarcely differ, ex ce pt in the preponderjance of fatty 
matter in the chyle. Tlie comparative anal^^sis of the two 
fluids obtained from the lactejils and the lymphatics of a 


donkey is thus given by Dr. 

Owen llees : — 

Chylp. 

lymph. 

Water .... 

90’237 

96-536 

-Albumen . ^ . 

3-Si6 

1-200 

Fibrin .... 

0-370 

0*120 

Aiiirnal extractive 

• • JS 65 

I '559 

Fatty matter . * . 

3‘6oi 

ytrace. 

Salta 

. . 0-711 

<>•585 

* 

• 100 000 

100-000 


The analyses of Nasse afford an estimate of the rela- 
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tive compositions of tlie lymph, clij^le, and blood of the 
horse.* 



Lymph. 

Chyle. 

Blood. 

"Water .... 

950* 

935 * 

Sio- 

('orpusclcs . . . . 


4- 

92-8 

Albumen .... 

3911 

31- 

So* 

Fibrin 


, 075 

2*8 

Extractive matter 

4*88 

1 6-25 

5*2 

Fatty matter . . . 

0*09 

15- 

1*55 

Alkaline .salts . 

5.6r 

r 


Phos]»hate i>f lime and mag- 




nesia, oxicle of iron, clc. 

1 

1 * 

o ’95 


The contents of the thoracic duct, including Loth llie 
lymph and chyle •mixed, iu an executed criiuinal, were 
examined by Dr. Rees, ^vho found them to consist of — 


"Water 90*48 

Albumen andfi brill 7*08 

Extractive matter o'loS 

Fatty ,, 0*92 

Saline ,, . . . . ^ . . . 0’44 


From all these analyses of lymph and cliyle, it appears 
that they contain essentially the same organic constituents 
that are found in the blood, viz., albumen, fibrin, and fatty 
matter, the same saline substances, and iron. Their com- 
position differs from that of the blood in ^egreo rather than 
in kind ; they contain a less proportion of all the substances 
dissolved in the water (see Nasse’s analyses, just quoted), 
and much less fibrin. The fibrinf of lymph, besides being 
less in quantity, appears to be in . a less elaborated state 
than that of the blood, coagulating less rai)idly and less 
firmly. According to Virchow, it never coagulates, under 

* The analysis of the blood diifers rather widely from that given at 
page 78 ; but if it bo erroneous, it is probable that corresponding errors 
exi.st in the analysis of the lymph and chyle ; and that therefore the 
tallies in the text may represent accurately enough the relation in which 
the three fluids stand to each other. • 

t For observations on the nature bf tihrin, see p. 65. 
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ordinary circumstances, within the lymphatic vessels, either 
during: life or after deatli. These differences graduiilly 
diminish, while the lymph and chyle, passing towards and 
through the thoracic duct, gradually approach the place at 
which they are to be mingled with the blood. For, in the 
thoracic duct, besides the higher and more abundant 
development of the fibrin, the Ijnnph and chyle-corpus(d(?s 
are found more advarioed towards their development into 
red-hlood corpiiscdos ; sometimes even that develoj^ment is 
completed, and the lymph has a pinkish tinge from the 
number of red blood -corpuscles that it contains. 

The general result, therefore, of both tlie microscopic 
and the ehemidal examinations of the lymph and chyle, 
demonstrate that they ^are ni dimental * bl ood ; their fluid 
part being, like the liquor sanguinis, diluted, but gradually 
becoming more concentrated ; and their corpuscles being 
in process of development into red blood-corpuscles. Tlius, 

. in quality, the lymph and chyle are adaj^ted to replenish 
the blood ; and their quantity, so far as it can be estimated, 
appears ample for this purpose. In one of Magendie’s 
experiments, half an ounce of chyle was collected in five 
minutes from tlio thoracic duct of a middle-sized dog; 
Collard de Martignj'' obtained mine grains of lymph, in ten 
miiiutes, from the tlioracic duct of a rabbit which liad 
taken no food for twenty-four hours; and Gieger, from 
three to five pounds of lymph daily from the foot of a 
horse, from whom the same quantity hud been flowing 
several years without injury to health. Bidder found, on 
opening the thoracic duct in cats, immediately after death, 
that the mingled lymxjh and ch^le continued to flow from 
one to six minutes ; and, from the quantity thus obtained, 
he estimated that if the contents of the thoracic duct con- 
tinued to move at the same rate, the quantity which would 
pass into a cat’s blood in twenty-four hours would be equal 
to about one-si^th of the weight of the wbolie body. And, 
siu(}d the estimated w^eight of the blood in cats is to the 
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weight of their bodies as l : 7; the ‘quantity of lymph daily 
traversing the thoracic duct would appear to be about 
equal to the quantity of blood at any time contained in tlio 
animals. Schmidt’s observations on foals have yielded 
very similar results. By another series of experiments. 
Bidder estimated that the quantity of lymph traversing 
the thoracic duct of a dog in twenty-four hours is about 
equal to two-thirds of the blood in the body. If wo take 
these estimates, it will not follow from them that the whole 
of an animal’s blood is daily replaced by the development 
of lymph and chyle; for even if the quantity of lympli 
and chyle daily formed be equal to that of the blood, the 
solid contents of tlie blood will be much' too great tube 
I’oplaced by those of the lympli and chyle. According to 
Nasso’s anal3\ses, the solid matter of a given quantity of 
blood could not bo replaced out of less than three or four 
times the quantity of lymxdi and chyle. 

Absorption ly the Lacteal Vessels, 

t 

During the passage of the chj'nie along the whole tract 
of the intestinal canal, its corax)letely digested parts are 
absorbed by the blood-vessels and lacteals distributed in 
the mucous membrane. The blood-vessels jai)xicar to 
absorb chiefly the dissolved portions of the food, and 
those, including especially the albuminous and saccharine, 
they imbibe without choice; w'hatevor can mix with the 
blood passes into the vessels, as will be presently described. 
But the lacteals apx)ear to absorb only certain constituents 
of the food, including x^articularly the fatty x^ortions. The 
absorption by both sets of vessels is carried on most 
actively, but hot exclusively, in the villi of the small intes- 
tine; for in these minute processes, both the capillary 
blood-vessels and the lacteals are brought almost into 
contact with the intestin^ contents. 

It has been already stated that the Vi^i of the small \ 
intestine (figs. 81 and 82), minute iVaspular processes 
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]of mucous membrane, each containing a delicate net- 
j work of blood-vessels and one or more lacteals, and are 
1 invested by a sheath of cylindrical epithelium. In the 
intersj)aces of the mucous membrane between the villi, as 
well as over aU the rest of the intestinal canal, the lacteals 
and blood-vessels are also densely distributed in a close net- 
work, the lacteals, liowever, beitig more sparingly supidied 
to tlio largo than to the small intestine. 

Tlw're seems to bo no dftubt tliat absorption of fatty 
matters during digestion, from tlie contents of the intes- 
tines, is eflected chiefly by the opith<dial cells which line 
the intestinal tract, and especially by those whicli clothe 
the surfa(;o of the villi (lig. 8[). P'rorn these epithelial 
cells, again, the fatty particles are passed on into the inte- 
rior of the lacteal vessels (figs. 8 1 and 82), but liow they 
pass, and what laws govern their so doing, are not at ])re- 
sent exactly known. 

It is probar jle that the process of absorption by the epi- 
thelial cells, is assisted by the p^*ssiiro exercised on tJie 
contents of the intestint^s by llieir contractile walls; and 
that the absorption of fatty particles is also facilitated by 
the presence of the bile, tlie patK-reatio and intestinal se- 
cretions which mo'stcn the absorbing surface. P'or it Las 
been found by experiment, that the passage of oil through 

animal membrane is made much easier 'when the latter 
is impregnated with an alkaline fluid. 

2h sorption by the Lymphatic Vessels, 

Tlie real source of the lymph, and the mode in wHcm its 
absorption is effected by the^ lymphatic vessels, were 
long matters of discussion. But the problem has been 
much simplified by more accurate knowledge of the anato- 
mical relations lymphatic capillaries. It is most 

probable that the lyippfi is derive^, in great part, the 
sangui^is,*^ wkich, as before remarked, is always 

from the bloPd-capillaries into the interstices of 

1 
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the tissues in which they lie; and changes in the cha- 
racter of the lymph correspond very closely with changes 
in the character of either tlie whole mass of blood, or of 
that in the vessels of the part from which the lymph is 
examined. Thus Herbst found that the coagulability of 
the lymph is directly proportionate to that of the blood ; 
and that when fluids are injected into the blood-vessels 
in suflicient quantity to distend them, the injected sub- 
stance may bo almost directly afterwards found i^i^ the 
lymphatics. 

It is not improbable, however, that some other matters 
tlian those originally contained in the exuded liquor san- 
guinis may find their way with it inter the lymphatic 
vessels. Parts winch having entered into tlio composition 
of a tissue, and, having ful tilled tlieir purpose, require to 
bo removed, may not bo altogether excreniontitious, but 
may admit of being re-orgaiiiscd and adapted again for 
nutrition ; and theso may be absorbed by the lymphatics^, 
and elaborated with tlie other contents of the lymph in 
passing through the glands. 

Lymph-Hearts, In reptiles and some birds, an important 
auxiliary to the movement of the lymph and chyle is siip- 
j)lied in certain muscular sacs, named li/mph- hearts (fig. lOO), 
and Mri AVharton Jones has lately shown that the caudal 
heart of the eel is a lymph-heart also. The number and 
position of these organs vary. In frogs and toads there 
are usually four, two anterior and two posterior ; in tho 
frog, the posterior lymph-heart on each side is situated in 
the ischiatic region, just beneath the skin; the anterior 
lies deeper, just over the transverse process of the third 
vertebra. Into each of these cavities several 
open, the orifices of the vessels being guarde;;lveBj3(alves, 
which prevent the retrograde passage of the l^aUe 
each heart a single vein ^proceeds and conv^'^ o^irs q 
directly into the venous system. In thS fc^rliest and 
lymphatic heart, on each sMe, pours by Dutroohd^^ 
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braucli of tlie ischiatic vein ; by the superior, the lymph 

is forced into a branch of the 
Fvj. 100.* jugular vein, which issues from 

its anterior surface, and which 
becomes turgid each time that 
the sac contracts. Blood is pre- 
vented from passing from the 
vein into the lymphatic heart by 
ft valve at its orifice. 

Tlie muscular coat of those 
hearts is of varialfie thickness ; 
in some cases it can only be dis- 
covered by means of the micro- 
scope ; but in every case it is composed of transvcrsely- 
striated fibres. The contracitions of the hearts are rhyth- 
mical, occurring about sixty times in a minute, slowly, and, 
in comparison wjith those of the blood-hearts, feebly. 
The pulsations of the cervical pair are always syncliro- 
nous with those of the i)air in the ischiatic region, and 
even the corresponding sacs of oi>posite sides are not always 
synchronous in their action. 

Unlike tlie contractions of the blood-heart, those of the 
lyiuph-heart b) be directly doi)oudent uj^on a cer- 

tain li^^ited “portion of the spinal cord- For Volkmann 
found that so long as the portion of spinal cord correspond- 
ing to the third vertebra of the frog was uninjured, the 
cervical pair of lymphatic hearts continued pulsating after 
all rest of the spinal qprd and the brain was destroyed ; 
while destruction of this portion, even though all other 

* bymphatic heart (9 lines long, 4 lines broad) of a large 

^ jtjpent, the Python bivittatus (after E. Weber). 4. TJio 
coat. 4. 5. The thick muscular coat. Fto* muscubir 
colui/^ r^^latioLpgg, cavity, which comiimnicates with three lymph a- 
3 that ^ is seen here), with tw<t veins (2, 2). 6 . The smooth 
sanguii^jf the cavity, 7. A small appeudagp, ^or auricle, the 
&01U organ. 


spfM'ies^ 

extw 
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parts of the nervous centres were uninjured, instantly 
arrested the lieart's movements. The posterior or ischiatic 
pair of lymph-hearts were found to be governed, in like 
manner, by the portion of spinal cord corresponding to 
tlie eighth vertebra. Division of the posterior spinal roots 
did not arrest the movements ; but division of the anterior 
roots caused them to cease at once. 

Absorption by Blood-vessels. 

The process thus named is that which has been com- 
monly called absorption by the veins ; but the .term here 
employed seems preferable, sintje, though the materials 
absorijed are commonly found in the veins, this is only 
because they are carried into them with the circulating 
blood, after being absorbed by all the blood-vessels (but 
chiefly by the capillaries) with which they were placed in 
contact. There is nothing in the mode of absorption by 
blood-vessels, or in the structure of veins, which can make 

the latter more active than arteries of the same size, or so 

» 

active as the capillaries, in tlie process. 

In the abflori^tion by the lymphatics or lacteal vessels 
just described, there appears something like the exercise 
of choice in the materials admitted into them. But the 
absorption by blood-vessels presents no such appearance 
of self)ction of materials; rather, it api>.oar8, that every 
substance, whether gaseous, liquid, or a soluble or minutely 
divided solid, may be absorbed by the blood-vessels^ pro- 
vided it is capable of permeating their walls, an.d of 
mixing with the blbod ; and that of all such substances, 
the mode and measure of absorption are determined solely 
by their physical or chiemical properties and conditions, and 
by those of the blood and the walls of the blood-vessels. 

The phenomena are, indeed, exactly fomparaWe to that 
passage of fluids througb membrane, which offiirs quite 
independenijy of vital conditions, and the Qpu:liest and best 
scientific investigation of wlfich was miide by Dutrochet. 
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U'lxe instrument wliich ho employed in his experiments was 
named an endosmometer. It* may consist of a graduated 
tube expanded into an openmouthed bell 
at one end, over wliich a portion of mem- 
^ brane is tied (fig. lOl). If now tlic boll be 

z filled with a solution of a salt — say cl deride 

T: of sodium, and be immersed in water, the 

7 W’ater wull pass into the solution, and i)art 

^7 of the salt wnll pass out into the w’ater ; tho 

£ "water wdll pass into the solution, much more 

1 rapidly than the salt will pass out into the 

7 ater, and the diluted solution w’ill rise in 

7 the tube. To this passage of fluids tlirough 

membrane tlie term Ounwsis is applied. 

7 Tlie nature of the membrane used as a 

“ septum, and its allhiity for tho fluids snb- 

jex'ted to experiment liave an important 
j influence, as niiglit be anticipated, on tlie ra- 
pidity and duration of the osnioti<' current. 
Thus, if a x)ieco of ordinary bladder be used 
as the septum betw een whaler and alcohol, the current is 
almost solely from tho water to the alcohol, on account of 
the much greater affinity of water for tliis kind of mem- 
brane ; w hile, on the other hand, in the case of a menihraue 
of caoutchouc, the alcoliol, from its greater affinity for this 
substance, would pass freely into the water. 

Various opinions have been advanced in regard to the 
nature of the force by w^hich fluids of different chemical 
composition thus tend to mix through an intervening 
membrane. According to some, this power is the result 
of the different degrees of capillary attraction exerted by 
the pores of the membrane upon the tw'o fluids.' Prof. 
Graham, however,® believes that the passage or osmose of 
w^ater through membrane may be explained by supposing 
that it oombine| "^ith the membranous septum, which thus 
becomes hydrated, and that on reaching the other side it 
partly leaves the membrane, which thus becomes to a 
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certain degree de-hydrated. For example, a membrane 
such as that used in the endosmomoter, is hydrated to a 
higJior degree if placed in pure water in a neutral 
saline solution. Hence, in the case of the endosmometer 
filled with the saline solution and placed in water, the 
equilibrium of hydration is difforont on the two sides; 
the outer surface being in contact with pure water tends 
to hydrate itself in a higher degree than the inner surface 
does. When the full hj^dration of the outer surface ^ex- 
tends through the thickness of the membrane, and reaches 
tlie inner surface, it there receives a check. The degree 
of hydration is lowered, and water must be given up by 
tlie inner layer of the membrane.’’ Thus the osmose or 
current of water th’bough the membrane is caused. Tho 
passage outwards of the saline solution, on the other hand, 
is not due, probably, to any actual fluid current ; but to a 
solution of the salt in successive la 3 ’^ers of the water con- 
tained in the pores of the membrane, until it reaches the 
outer surface and diffuses in tho w'ater there situate. 

Thus, ^‘the water movement in osmose is aii affair of 
hydration and of de-hjnlration in the substance of the 
membrane or other colloid septum, and the diffusion of the 
saline solution placed within the osmometer has little or 
nothing to do with the osmotic result, otherwise than as it 
affects the state of hydration of the septum.’/ 

Prof. Graham has classed various substances according 
to the degree in which they possess this property of passing, 
when in a state of solution in water, through membrajxe ; 
those which i>a8S freely being termed crystalloids^ and thoB6 
which pass with difficulty, cplhids. 

This distinction, however) between colloids and orystali^ 
loids which is made the basis of their classificatiem, is 
by no means the only difference between them. The 
colloids, besides the absence of power to assume a crystal- 
line form, are characterised^ by their inertness as acids or 
bases, and feebleness in all o|dinary cheriiioal relations. 
Examples of them are found in albumen, gelatin, starch, 
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hydrated alumina, hydrated silicic acid, etc.; while the 
crystalloids are characterised by qualities the reverse of 
those just me^oned as belonging to colloids. Alcohol, 
sugar, and orainary saline substances are examples of 
crystalloids. 

Absorption by blood-vessels is the consequence of their 
walls being, like the membranous septum of the endos- 
moiiieter, porous and capable of imbibing fluids, and of 
the blood being so composed that most fluids will mingle 
with it. Tlie process of absorption, in an instructive, 
though very imperfect degree, may be observed in any 
portion of vascular tissue removed from the body. If such 
an one be placed in a vessel of water, it will shortly swell, 
and become heavier and moister, thrbugh the quantity of 
water imbibed or soaked into it; and if now, the blood 
contained in iiny of its vessels be let out, it will be found 
diluted with water, which has been absorbed by the blood- 
vessels and mingled with the blood. The water round the 
piece of tissue also will become blood-stained ; and if all 
be kept at perfect rest, the stain derived from the solution 
of the colouring matter of the blood (together with which 
chemistry would detect some of tlie albumen and other 
parts of the liquor sanguinis) will spread more widely 
every day. The same will happen if the piece of tissue bo 
placed in a saline solution instead of water, or ir^ a solution 
of colouring or odorous matter, either of which will "^^give 
their tinge or smell to the blood, and receive, in exchange, 
the colour of the blood. 

Even so simple an experiment will illustrate the ab- 
sorption by blood-vessels during life ; the process it shows 
is imitated, but with these difietences : that, during life, 
as soon as water or any other substance is admitted into 
the blood, it is» carried from the place at which it was 
absorbed into the general current of the circulation, and 
, th^t the oolouring matter of thb blood is not dissolved so 
a| to pbze out of the blood-vessels into the fluid which they 
al^rWng. . ^ 
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The absorption of gases by the blood may be thus simply 
imitated. If venous blood be suspended in a moist bladder 
in the air, its surface will be reddened by the contact of 
oxygen, which is first dissolved in the fluid that moistens 
tlie bladder, and is then carried in the fluid to the surface 
of the blood : while, on the other hand, watery vapour 
and carbonic acid will pass through the membrane, and be 
exhaled into the air. 

In all these cases alike there is a mutual interchange be- 
tween the substances ; while the blood is receiving water, 
it is giving out its colouring matter and other constituents : 
or, while it is receiving oxygen, it is giving out carbonic 
acid and water ; so that, at the end of the e'xj)oriment, the 
two substances employed in it are mixed ; and if, instead 
of a piece of tissue, one had taken a single blood-vessel 
full of blood and placed it in the water, both blood and 
water would, after a time, have been found both inside and 
outside the vessel. In such a ca^o, moreover, if one were 
to determine accurately the quantity of water that passed 
to the blood, and of blood that passed to the water, it 
would be found that the former was always greater than 
the latter. And so with other substances ; it almost always 
happens, that if the two liquids placed on opposite sides of 
a membrane be of different densities or specific gravities, 
a larger quantity of the less dense fluid passes iuto the 
more dense, than of the latter into the former, 
i The rapidity with which matters may be absorbed from 
the stomach probably by the blood-vessels chiefly, and dif- 
fused through the textures of the body, may be gathered 
from the history of some experiments by Dr. Bence Jones. 
From these it appears that even in a quarter of an hour 
after being given on an emj)^ stomach, chloride of lithium 
may be diffused into all the vascular texfuxes of the body, 
and iuto some of the noh-yascular, as the cartilage of the 
hip-joint, as well as into the <?^ueous humoi^r of the eye. 
Into the outer part of the crystalline lens it may pass after 
a time, varying from hsdf an hour to an hour and a half* 
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Carbonate of litbia, when taken in fivd or ten grain doses 
on an empty stomach, may be detected in the urine in 5 or 
10 minutes ; or, if the stomach be full at the time of taking 
the dose, in 20 minutes. It may sometimes be detected in 
the urine, moreover, for six, seven, or even eight days. 

Some experiments on the absorption of various mineral 
and vegetable i)oisons, by Mr. Savory, have brought to light 
the singular fact, that, in some cases, absorption takes place 
more rapidly from the i«ctum than from the stomach. 
Strychnia, for example, when in solution, produces its 
poisonous effects much more speedily when introduced into 
the rectum than into the stomach. When introduced in 
the solid form,' however, it is absorbed more rapidly from 
the stomach than /rom the rectum, doubtless because of 
the greater solvent property of the secretion of the former 
than of that of the latter. 

With regard to the degree of absorption by living blood- 
vessels, much depends o^ the facility with which the sub- 
stance to be absorl)ed can penetrate the membrane or tissue 
which lies between it and the blood-vessels ; for, naturally, 
the blood-vessels are not bare to absorb. Tims absorj^tion 
will hardly take place through the epidermis, but is quick 
when the epidermis is removed, and the same vessels are 
covered witli only the surface of the cutis, or with granula- 
tions. In general, the absorption through membranes is. in 
an inverse prqj)5ytipn to thickness of their epitheliaji 
so Muller found the urinary bladder of a frog traversed in \ 
less than a second ; and the absorption of poisons by the 
stomach or lungs appears sometimes accomplished in an 
immeasurably small time. 

The substance to be absorbed must, as a general rule, be 
in the liquid or gaseous state, or, if a solid, must be soluble 
in the fluids with* which it is brought in contact. Hence 
the marks of taitooijig, and the discoloration produced by 
nitrate of silver* taken internally, remain. Mercury may 
be tibsorbed even in the metallic state ; and in that state 
JSaay pass into and remain in the blood-vessels, or be 
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deposited from them (Oesterlofi) ; and such substances as 
exceedingly finely-divided charcoal, when taken into the 
alimentary canal, have been found in tlie mesenteric veins 
(Oesterlen) ; the insoluble materials of ointments may also 
be rubbed into the blood-vessels ; but there are no facts to 
determine how these various substances effect their pass- 
age. Oil, minutely divided, as in an emulsion, will pass 
slowly into blood-vessels, as it will through a filter mois- 
tened with water (Vogel) ; and, without doubt, fatty matters 
find their way into the blood-vessels as well as the lymidi- 
vessels of the intestinal canal, although the latter seem to 
be specially intended for their absorption. 

As in the experiijients before referred to, the less dense 
tlie fluid to be absorbed, the more speedy, as a general 
rule, is its absorption by the living blood-vessels. Hence 
the rapid absorption of water from the stomach ; also of 
weak saline solutions; but with strong solutions, there 
appears less absorption into, than efiusion from, the blood- 
vessels. • 

The absorption is the loss rapid the fuller and tenser the 
blood-vessels are ; and the tension may be so great as 
to hinder altogether the entrance of more fluid. Thus, 
Magendie found that when he injected water into a dog^s 
veins to repletion, poison was absorbed very slowly ; but 
when he diminished the tension of the vessels by bleeding, 
the poison acted quickly. So, when cupping-glasses are 
placed over a poisoned wound, they retard the absorption 
of the poison, not only by diminishing the velocity of the 
circulation in the part, but by filling all its vessels too full 
to adpait more. 

On the same ground, absorption is the quicker the more 
rapid the circulation of the blood; not ^because the 'fluid 
to be absorbed is more quickly imbibed into the tissues, or 
mingled with the blood, but because as /ast as it enters 
the blood, it is carried away ftom the part, Itnd the bipod, 
being constantly renewed, is constaiitly aa fit as at the first 
for the reception of the substance to be absorbed. 
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CHAPTER XI.* 

NUTRITION AND GROWTH. 

Nutrition or nutritive assimilation is that modification 
of the formative process peculiar to living bodies by which 
tissues and organs already formed maintain their integrity. 
By the incorporation of fresh nutritive principles into their 
eubstance^ the loss consequent on the^wasto and natural 
decay of the component particles of the tissues is repaired ; 
and each elementary particle seems to have the power not 
only of attracting materials firom the blood, but of causing 
them to assume its structure, and j)articipate in its vital 
properties. 

The relations between development and growth have 
been already stated (Chap. I.); under the head of Nutri- 
tion will be now considered the process by which parts 
are maintained in the same general conditions of form, 
size, and composition, which they have already, by develop- 
ment and growth, attained ; and this, notwithstanding 
continual changes in their component particles. It if^ 
by this process that an adult person, in health, is main- 
tained, through a series of some years, with the same 
general outline of features, the same size and form, and 
perhaps even the same weight ; although, during all this 
time, the several portions of jhis body are continually 
changing : their particles decaying and being removed, 
and then replaced by, the formation of new ones, which, 
in their turn, also die and pass away. Neither is it only 
a simllarUy of the wholwbody which is thusmain- 

Every organ or part of the body, as much as the 
.%h6ie, exactly maintains its form and composition, as 
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the issue of the changes continually taking place among 
its particles. 

The change of component particles, in which the nutri- 
tion of organs consists, is most evidently shown when, in 
growth, t'hey maintain their form and other general charac- 
ters, but increase in size. When, for example, a long 
bone increases in circumference, and in the thickness of 
its walls, while, at the same time, its medullary cavity 
enlarges, it can only be by the addition of materials to its 
exterior, and a (ioincident removal of them from the 
interior of its wall ; and so it must be with the growth of 
even the minutest portions of a tissue. And that a similar 
change of particles^ takes place, even while parts retain a 
I^erfect uniformity, may be proved, if it can be shown that 
till the parts of the body are subject to waste and impair- 
ment. 

In many parts, the removal of particles is evident. 
Tims, as will be shown when speaking of secretion, tlie 
elementary structures composing gl/inds are the parts of 
which the secretions are composed: each gland is con- 
stantly casting off its cells, or their contents, in the 
secretion which it forms : yet each gland maintains its 
size and proper composition, because for every cell cast off 
a new one is produced. So also the epidermis and all 
such tissues are maintained. In the muscles, it seems 
nearly certain, that each act of contraction is accompanied 
with a change in the composition of the contracting tissue, 
although the change from this cause is less rapid and 
extensive than wets once supposed. ' Thence, the develop- 
ment of heat in acting muscles, and thence the discharge 
of urea, carbonic acid, and water — the ordinary products 
of the decomposition of the animal tissues — which fol- 
lows all active muscular exercise. Indeed, the researches 
of Helmholtz almost demonstrate the chemical change 
that muscles undergo afte% long-repeated conttac^ons; 
yet the muscles retain their structure and compositipn^ 
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because the particles tlius^ changed are replaced hy 
new ones resembling those which preceded them. So 
again, the increase of alkaline phosphates discharged with 
the urine after great mental exertion, seems to prove that 
the various acts of the nervous system aro attended with 
change in the composition of the nervous tissue ; yet the 
condition of that tissue is maintained. In short, for every 
tissue there is sufficient evidence of impairment in the 
discharge of its functions : without such change, the pro- 
duction or resistance of physical force is hardly conceivable: 
and tlie proof as well as the purpose of the nutritive pro- 
cess appears in the repair or replacement of the changed 
particles; so that, notwithstanding its^ losses, each tissue 
is maintained unchanged. 

But besides the impairment and change of composition 
to which all parts are subject in the discharge of thtur 
natural functions, on amount of impairment whicli will bo 
in direct proportion to their activity, they are all liable to 
decay and degeneration of their particles, even while their 
natural actions are not called forth. It may be proved, 
as Dr. Carpenter first clearly showed, that every particle 
of the body is formed for a certain period of existence in 
the ordinary condition of active life ; at the „;end of which 
jjeriod, if not previously destroyed by outward force or 
exercise, it degenerates and is absorbed, or dies and is 
cast out. 

The simplest examples^ that can be adduced of this are 
in the hair and teeth ; and it may be observed, that, in 
the process which will now be described, all the great 
features of the process bf nutrition seem to be re- 
l)resented. ^ 

An eyelash which naturally falls, or which can be drawn 


* These aud other instawces are relateftmoro in detail in Hr. Paget’s 
on Surgic*dl Patllology^ from which this chapter was originally 

wntten. 
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out without pain, is one th^t* has lived its natural time, 
and has died, and been separated from the living parts. 
In its bulb such an one will be found different from those 
that are still living in 
any period of their age. 

In tho early period of 
the growth of a dark 
eyelash, the medullary 
substance appears like 
an interior cylinder^ of 
darker granular sub- 
stance, continued down 
to the deepest ^part, 
wliere the hair enlarges 
to form the bulb. This 
enlargement, wdiich is 
of nearly cup-like form, 
appears to depend on 
the accumulation of 
nucleated cjelLs,, whose 
nuclei, according to 
their position, are 
either, by narrowing 

and elongation, to form the fibrous substance of the outer 
part of the growing and further prc)trudiiig hair, or are to 
be transformed into the granular m'atter of its medullary 
portion. At the time of early and most active growth, all 
the cells and nuclei contain abundant pigment-matter, and 



♦ Fi^. 102. Intended to reilresent the changes undergone by a hair 
towards the close of its period of existence. At a, its activity of growth 
is diirunishing, as shown by the small tpiantity of pigment contained in 
the cells of the pulp, and by the interrupted flue of dark medullary 
snbstiiiico. At u, provision is being made for the formation of a new 
hair, by the growth of a new*pulp connected with tho pulp or capsule 
of the old hair, c, A hair at the ^end of its period V life, deprived of 
its sheath and of the mass of cells composting the pulp of a living hair. 
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the whole bulb looks nearly J:>lack. The sources of the 
material out of which the cells form themselves are at least 
two ; the inner surface of the sheath or capsule, which 
dips into the skin, enveloping the hair, and tlie surface of 
a vascular pulp which fits in a conical cavity in the bottom 
of the hair-bulb. 

Such is the state of i)arts so long as the growing hair is 
all dark. But as the hair aj)proache8 tho end of its 
existence, instead of tlie almost sudden enlargement at its 
bulb, it only swells a little, and# then tapers nearly to a 
point ; tho conical cavity in its base is contracted ; and the 
cells produced on the inner surface of the capsule contain 
no pigment. Still, for some time, it coi^inues thus to live 
and grow ; and the vigour of the pulp lasts rather longer 
than that of the sheath or capsule, for it continues to pro- 
duce pigment-matter for the medullary substance of the 
hair after the cortical substance has become white. Thus 
the column of dark medullary substance apj)ear8 paler and 
more slender, and perhj^ps interrupted, do'wm to the point 
of the conical j)ulp which, though smaller, is still distinct, 
because of the pigment-cells covering its surface. 

At length the pulp can be no longer discerned, and un- 
coloured cells are alone produced, and maintain the latest 
growth of the hair. With these it appears to grow yet 
some further distance ; for traces of the elongation of their 
nuclei into fibres appear in lines running from the inner 
surface of the capsule inwards and along tlie surface of the 
hair ; and the column of dark medullary substance ceases 
at some distance above the lower end of tlie contracted 
hair-bulb. The end of all is th? complete closure of the 
conicfil cavity in which the hair-pulp was lodged, the 
cessation of the production of new cells from the inner 
surlace of the capsule, and the detachment of the hair 
which, as a dea#! jiurt, is separated and falls. 

Such is the life of a hair, aud such its death; whicli 
death is spontanepus, independent of exercise, or of any 
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mechanical external force — ^the natural termination of a 
certain period of life. Yet, before the hair dies, provision 
is made for its successor : for when its growth is failing, 
there appears below its base a dark spot, the germ or 
young pulp of the new hair covered with cells containing 
pigment, and often connected by a series of pigment cells 
with the old pulp or capsule (fig. 102, n). 

Probably there is an intimate analogy between the pro- 
cess of successive life and death, and life comm uni cat^sd to 
a successor, which is hero shown, and that wliich constitutes 
the ordinary nutrition of a part. It may be objected, that 
the death and casting out of the hair cannot be imitated 
in internal parts therefore, for an example in which the 
assumed absorption of the worn-out or degenerate internal 
particles is imitated in larger organs at the end of their 
appointed period of life, the instance of the deciduous or 
milk-teeth may be adduced. 

Each milk-tooth is develop- 
ed from its germ ; and in the 
course of its own development, 
separates a portion of itself to 
be the germ of its successor ; 
and each, having reached its 
perfection, retains for a time 
its perfect state, and still 
lives, though it does not grow. 

Put at length, as the new tooth 
comes, the deciduous tooth 
dies ; or rather its crown dies, 
and is cast out like the. dead hair, while its fang, with 
its bony sheathing, and vascular and nervous pulp, de- 
generates and is absorbed (fig. 1 03). The degeneration is 



* Fig. 103. Section of a poAion of the upper jfifiv of a child, showing 
a Tiew tooth in process of forniatibn, the fang of the corresponding 
deciduous tooth being absorbed. 
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accompanied some unknown spontaneous decomposition 
of the fang ; for it could not be absorbed unless it was 
first so changed as to be soluble. And it is degeneration, 
not death, which precedes its removal ; for when a tooth- 
fang dies, as that of the second tooth does in old age, then 
it is not absorbed, but cast out entire, as a dead part. 

Siicli, or generally such, it seems almost certain, is the 
];)rocess of maintenance by^nutrition ; the hair and teeth 
inay'be fairly taken as types of what occurs in other jjarts, 
for they are parts of complex organic structure and com- 
position, and the teeth-pulps, which are absorbed as 
as the fangs, are very vascular and sensitive. 

Nor are they the only instances that ;might be addued. 
The like development, persistence for a time in the perfect 
state, deatli, and discharge, api)ear in all the varieties of 
cuticles and gland-cells ; and in the epidermis, as in the 
teeth, there is evidence of decomposition of the old cells, in 
the fact of the different influence A\'hich acetic acid and 
potash exorcise on thjjm and on the young cells. , Seeing, 
then, that the process of nutrition, as thus displaj’^ed, both 
in active organs and in elementary cells, appears in these 
respects similar, the general conclusion may be that, in 
nutrition, the ordinary course of each complete elementary 
organ in the body, after the attainment of its ijerfect state 
by development and growth, is to remain in that state for 
a time ; then, independently of the death or decay of the 
whole body, and, in some measure, independently of its 
own exercise, or exposure to external violence, to die or to 
degenerate ; and then, being cast out or absorbed, to make 
way for its successor. 

It appears, moreover, that the length of life which each 
part is to enjoy is fixed and determinate, though in some 
degree subject to accidents and to the expenditure of life 
in exercise. It is^ not likely thattall parts are made to last 
a certain and equal time, and then all need to be changed. 
The bones, for instance, when once completely formed, 
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must last longer than the muscles and other softer tissues. 
I5ut wlien we see that the life of certain parts is of 
determined length, whether they he used or not, we may 
assume, from analogy, the same of nearly all. 

Now, the deciduous human teeth have an appointed 
average duration of life. So have the deciduous teeth of 
all other animals ; and in all tlie numerous dnstaiioes of 
moulting, shedding of antlers, of desquamation, change of 
plumage in birds, and of liair in Mammalia, the only ex- 
planation is that these organs have their severally appointed 
times of living, at tlie ends of which they degenerate, die, 
are cast awaj’’, and in due time are rex)laced hy others 
which, in tlieir turn, are to he developed' to perfection, to 
live their life in tlie mature state, and in their turn to he 
cast off. So also, in some elementary structures we may 
discern the same laws of determinate period of life, death, 
or degeneration, and replacement. They are evident in the 
history of tlie hlood-corjiuscles, hoth in the superseding of 
the first set of them hy the second at a definite period in 
the life of the embryo, and in the replacement of those 
that' degenerate hy others new-formed from lymxili-cor- 
puscles (see p. 92). And if we could suppose the blood- 
corpuscles groujied together in a tissue instead of floating, 
we might have in the changes they present an image of 
the nutrition of the elements of the tissues. 

The duration of life in each particle is, however, liable to 
he modified ; especially hy the exercise of the function of 
the part. The less a jmrt is exercised the longer do its 
component particles appear to live-; the more active its 
functions ore, the less prolonged is the existence of its 
individual particles. So in the case of single cells ; if the 
general development of the tadpole be retarded hy keeping 
it in a .cold, dark place, and if hereby iiie function of the 
blood-corpuscles he slowly and imperfectly discharged, 
they will maintain their emjiryonic state for even several 
weeks later than usual, the development of the second set 
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of corpuscles will be proportionally postponed, and the 
individual life of the corpuscles of the first set will be, by 
the same time, prolonged. 

Su(*,h being the mode in which the necessity for tlie pro- 
cess of nutritive maintenance is created, such the sources 
of impairment and waste of the tissues, the next conside- 
ration may be the manner in which the perfect state of a 
part is maintained by the insertion of new particles in the 
placg of those that are absorbed or cast olT- 

The process hy ivkick a neve particle is formed in the place 
of the old one is probably always a process of develo]3- 
ment ; that is, the cell or fibre, or other element of tissue, 
passes in its formation through the same stages of develop- 
ment as those elements of tiie same tissue did whicih M’ere 
first formed in the embryo. This is probable from tlie 
analogy of the hair, the teeth, the epidermis, and idll the 
tissues tliat can be observed : in all, the process of repair 
or replacement is effected through development of the new 
])arts. Tlie existence of nuclei or cytoblasts in nearly all 
parts that are the seats of active nutrition makes the same 
probable. For these nuclei, such as are seen so abundant 
in strong, active muscles, are not remnants of the embryonic 
tissue, but germs or organs of j)ower for new formation^ 
and their abundance often appears directly proportionate 
to the activity of growth. Thus, tJiey are always abundant 
in the fa^tal tissues, and those of the young animal ; and 
they are peculiarly numerous in the muscles and the brain, 
and their disappearance from a part in which they usually 
exist is a sure accompaniment and sign of degeneration. 

A difference may he drawn between what may be called 
nutritive rep^'oduction and nutritive repetition. The former is 
showxi in the case of 'the huzhan teeth. As the deciduous 
tooth is being developed, a part of its productive capsule 
is 4<etached, and serves as a germ for the formation of the 
second tooth ; in 'which second tooth, therefore, the first 
may be said to be reproduced, in the same sense as that in 
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wliich we speak of the otgans hy which new individuals 
are formed, as the rei)roductive organs. But in the shark’s 
jaws, and others, in which we see row after row of teeth 
succeeding each other,, the row behind is not formed of 
germs derived from the row before ; the front row is 
simply repeated in the second one, the second in the third, 
and so on. So, in cuticle, the deepest layer of epidermis- 
cells derives no germs from the layer above; their de- 
velopment is not like a reproduction of the cells ,that 
have gone on towards the surface before them : it is only 
a repetition. It is not improbable tliat mtich of tlxe 
difference in tlio degree of repair, of which the several 
tissues are capable after injuries or diseases, may bo con- 
nected with those differences in their ordinary mode of 
nutrition. 

In order that the process of nutrition may be perfectly 
accomplished, ctirtain conditions are necessary. Of these, 

; the most important are; I. A right state and composition 
! of tlie blood, from wliich the materials for nutrition are 
' derived. 2. A regular and not far distant supply of such 
blood. 3. A certain influence of the nervous system. 4. A 
natural state of the part to he nourished. 

I. This rijiht condition of the blood does not necessarily 
imply its accordance with any known standard (ff com- 
position, common to all kinds of healthy blood, but rather 
the cxisteiK^e of a certain adaptation between the blood 
and tlie tissues, and even the several portions of each 
tissue. Such an adaptation, peculiar to each individual, is 
determined in its first formation, and is maintained in the 
concurrent development and increase of both blood and 
tissues ; and upon its maifitenaiice' in adult life appears to 
depend the continuance of a healthy process of nutrition, 
or, at least, the preservation of that exact sameness of the 
whole body and its parts, which constitutes the perfection 
of nutrition. Some nolice ^ of the mtiintenance of this 
sameness in the blood has been given already (p. 94), in 
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speaking of the power of assimilation which the blood 
exercises, a power exactly comparable with this of main- 
tenance by nutrition in the tissues. And evidence of tlio 
adaptation between the blood and the tissues, and of this 
exceeding fineness of the adjustment bj'^ which it is main- 
tained, is afforded by the phenomena of diseases, in which, 
after the introduction of certain animal poisons, even in 
very minute quantities, the whole mass of the blood is 
nlteued in composition, anff the solid tissues are perverted 
in their nutrition. It is necessary to refer only to such 
diseases as syphilis, small-pox, and other eruptive fevers, 
in illustration. And when the absolute dependence of all the 
tissues on the blood for their very existence is remembered, 
on the one hand, and, on the other, the fax)idity with which 
substances introduced into the blood are diffused into all, 
even non- vascular textures (p. 371), it need be no source of 
wonder that anj^ even the slightest alteration, from tlie 
normal constitution of the blood, should be immediately 
reflected, so to speak, as a change in the nutrition of the 
solid tissues and organs which it is destined to nourish. 

2. The necessity of an adequate supply of appropriate blood 
in or near the part to he nourished^ in order that its nutrition 
7 nay be perfect,, is shown in the frequent examples of 
atrophy of parts to which too little blood is sent, of morti- 
fication or arrested nutrition when the supply of blood is 
entirely cut off, and of defective nutrition when the blood 
is stagnant in a part. That the nutrition of a ]>art may 
be perfect, it is also necessary that the blood should bo 
brought sufficiently near to it for the elements of the tissue 
to imbibe, through the walls of the blood-vessels, the 
nutritive materials which they require. The blood-vessels 
the^iselves take no share in the process of nutrition, except 
carriers of thcT nutritive matter. Therefore, provided 
ihej come so near that tliis nutritive matter may pass by 
imbibition int^ flie part to be nourished, it is comi)ara- 
tively immaterial whether they ramify within the substance 
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of the tissue, or are distributed only on its surface or 
border. 

The blood-vessels serve alike for the nutrition of the 
vascular and the non- vascular parts, the difference between 
which, in regard to nutrition, is less than it may seem. 
For the vascular, the nutritive fluid is carried in streams 
into the interior ; for the non- vascular, it flows on the sur- 
face; but in both alike, the parts themselves imbibe the 
fluid ; and although tho passage through the walls of ■•the 
blood-vessels may effect some change in the materials, 5^et 
all the pro(;ess of formation is, in both alike, outside tho 
vessels. Thus, in muscular tissue, the fibrils in the very 
centre of the fibre nourisli themselves : yet these are dis- 
tant from all blood-vessels, and can only by imbibition 
receive their nutriment. So, in bones, tho spaces between 
the blood-vessels are wider than in muscle ; yet tlie parts 
ill tho meshes nourish themselves, imbibing materials from 
the nearest source. The non- vascular epidermis, though 
no vessels pass into its aubstfinee, yet imbibes nutritive 
matter from the vessels of the immediately subjacent (aitis, 
and maintains itself, and grows. The instances of the 
cornea and vitreous humour are stronger, yet similar ; and 
.sometimes even tho same tissue is in one case vascular, in 
the other not, as the osseous tissue, which, when it is in 
masses or thick layer.s, has blood-vessels running into it ; 
but when it is in thin layers, as in the lachrymal and tur- 
binated bones, has not. These bones subsist on the blood 
flowing in the minute vessels of tho mucous membrane, 
from which tlio epithelium derives nutriment on one side, 
the bone on the other, and the tissue of the membrane 
itself on every side : a striking instance how, from the 
same source, many tissues ttiaintain* themselves, each exer- 
cising its peculiar assimilative and self-formative power. , 

3. Tho third condition gaid to be essential to a healthy 
nutrition, is a certain wfiuene^of the nervous system. 

It has been held that the nervous system cannot be 
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essential to a healthy course of nutrition, because in plauts 
and the early ^bryo, fpid in the lowest animals, in wliich 
no nervous system is developed, nutrition goes on without 
it. But this is no proof that in animals which have a 
nervous system, nutrition may be independent of it ; 
rather, it may be assumed, that in ascending development, 
as one sj^stem after another is added or Increased, so the 
highest (and, highest of aU, the nervous system) will 
always be inserted and biended in a more and more inti- 
mate relation with all the rest : according to the general 
law, that the interdependence of parts augments with their 
development. 

The reasonableness of this assumption is proved by many 
facts showing the influence of the nervous system on nutri- 
tion, and by the most striking of these facts being obsetved 
in the liigher animals, and especially in man. The influ- 
ence of the mind in the production, aggravation, and cure 
of organic diseases is matter of daily observation, and a 
sufficient proof of influence exercised on nutrition through 
the nervous system. 

Independently of mental influence, injuries either to 
portions of the nervous centres, or to individual nerves, 
are frequently followed by defective nutrition of the parts 
supplied by tho injured nerves, or deriving their nervous 
influence from the damaged portions of the nervous centres. 
Thus, lesions of the spinal cord are sometimes followed by 
mortifleation of portions of the paralysed parts ; and this 
may take placie very quickly, as in a case by Sir B. C, 
Brodie, in which the ankle sloughed within twenty-four 
hours after an injury of the spine. After such lesions 
also, the repair of injuries in the paralysed parts may 
take place less completely than in others ; so, Mr. Travers 
i^^tions a case* in which paraplegia was produced by 
fracture of the lumbar vortebrm^^ and, in the same accident, 
\ humerus i^nd tibia were fractured. The former in due 
time united ; the latter did not. The same fact was illus. 
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trated by some experiments df Dr. Baly, in wbieh haviiij^^, 
in salamanders, cut oil* the end of t|ie tail, and then thru^t 
a thin wire some distance up the spinal canal, so as to de- 
stroy the cord, ho found that the end of the tail was repro- 
duced more slowly than in other salamanders in whom the 
spinal cord was left uninjured above the point at which 
the tail was amputated. Illustrations of the same kind 
are furnished by the several cases in which division or 
destruction of the trunk of the trigeminal nerve has been 
followed by incomxdote and morbid nutrition of the corre- 
sponding side of the face ; ulceration of the cornea being 
often directly or indirectly one of the consecpiences of such 
iiiil)erfbet nutrition.^ Part of the wasting and slow dege- 
neration of tissue in paralysed limbs is probably referable 
also to the withdrawal of nervous iiillueuce from them ; 
though, perhaps, more is due to the want of use of the 
tissues. 

Undue irritation of the trunks of nerves, as well as their 
division or destruction, is sometimes followed by defective 
or morbid nutrition. To this may be referred the cases 
in which ulceration of the parts supplied by the irritated 
nerves occurs frequently, and continues so long as tlie 
irritation lasts. Further evidence of the influence of the 
nerv'ous system upon nutrition is furnished by tliose cases 
in which, from mental anguish, or in severe neuralgic liead- 
aches, the hair becomos grey very quickly, or even in a few 
hours. 

So many and various facts leave little doubt that the 
nervous system exercises an influence over nutrition as 
over other organic processes ; and they cannot be explained 
by supposing that the changes in the nutritive processes 
are only due to the variations in the size of the bloods 
vessels supplying the affected parts. 

The question remains, t^prough what class of nerves is 
the influence exerted ? Wheii'liefective nutrition occurs in 
parts rendered inactive by injury of the motor nerve alone, 

c c 2 
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MS in the muscles and other tissues of a paralysed face or 
limb, it may ax>pear as if the atroi>hy were the direct con- 
sequence of the loss of power in the motor nerves ; but it 
is more probable that the atrophy is the consequence of 
the want of exercjiae of the parts ; for if the muscles be 
exercised by artificial irritation of their nerves their nutri- 
tion w ill be less defective (J. lleid). The defect of the nutri- 
tive process which ensues in the face and other parts, 
moreover, in consequence of destruction of the trigeminal 
nerve, cannot bo referred to loss of influence of any motor 
nerves ; for the motor-nerves of the face and eye, as well as 
the olfactory and optic, have no share in the defective nutri- 
tion wliich follows injury of the trigeiip'nal nerve ; and one 
or all of them may be destro3"ed without any direcjt distm*b- 
anco of the nutrition of the parts the}' severally sup^dy. 

It must ho coneludcd, therefore, that the influence which 
is exercised by nerves over tlie nutrition of parts to which 
they are distributed is to be referred either to those among 
their branches which conduct impressions to the brain and 
spinal cord, namel}^ the nerves of common sensation, or, 
as it is by some supposed, h}' nerve -fibres, whhdi preside 
sj)ec;ially over the nutrition of the tissues and organs 
to which they are supplied. Such special nerves are 
celled trophic nerves (see Chapter on the Nervous 
System). 

It is not fit present possible to say whether the infliienco 
on nutrition is exercised tlirough the cerebro-sjiinal or 
through the sympathetic nerves, wdiieli, in the parts on 
wdiich the observation has been made, are generally com- 
bined in the same sheath. Tfce truth perhaps is, that it 
may bo exerted through either .or both of these nerves. 
The defect of nutrition which ensues after lesion of the 
spinal cord alone, the symiiathetic nerves being uninjured, 
and the genoi'al atrophy wdiich sometimes occurs in con- 
sequence of ^diseases of the brain, seem to prove the 
influence of the cerebro-spinal system: while the ohser- 



• 

INFLUENCE OF NEEVOUS SYSTEM. 389 

vnfcion oi Magendie and Mayer, that inflammation of the 
eye is a constant jresnlt of ligature of the syinpalhctie 
nerve in the neck, and many other ohservations of a 
similar kind, exhibit very well the influence of the latter 
nerve in nutrition. 

4. The fourth condition necessary to hoalthj’^ nutrition is 
a healtliy state of the part to be nourished. This seems 
proved by the very nature of the process, wliich consists in 
tlie formation of new parts like those already existing ; for, 
unless the latter are healthy, the former cannot be so. 
Whatever be the condition of a part, it is apt to be per- 
]ietuated by assimilating exfictly to itself, and endowing 
with all its peculiarities the new particles which it forms 
to replace those that degenerate. So long as a part is 
healthy, and the other conditions of healthy nutrition exist, 
it maintains its healthy condition. But, according to the 
same law, if tlie structure of a part be diseased or in any 
way altered from its natural condition, the alteration is 
maintained ; the altered, like the heathy structure, is per- 
petuated. 

The same exactness of the assimilation of the now parts 
to the old, which is seen in the nutrition of tlie liealthy 
tissues, may be observed also in tliose that are formed 
iu di.sease. I^y it, tlio exact form and relative size ot a 
cicatrix are preserved from year to year ; by it, the thick- 
oning and induration to wliich inflammation gives rise are 
kept up, and the various morbid states of tlie blood iu 
struma, syphilis, and other chronic diseases are maintained, 
notwithstanding all diversities of diet. By this precision 
of the assimilating process, may be explained the law that 
(certain diseases occur only once in the same person, and 
that certain others are apt to recur frequently ; because in 
both cases alike, the alteration produced by the first attack 
of the disease is ’maintained by the exact likeness which the 
new parts boar to the old one^. • 

The period, however, during \vhich an alteration of 
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structure may be exactly maiutained by nutrition, is not 
iinlimited ; for in nearly all altered parts there appears to 
exist k tendency to recover the perfect state ; and, in many 
oases, this state is, in time, attained. To this we may 
attribute the possibility of re-vaccination after the lapse of 
some year's; the occasional recuiTencn of small-pox, scarlet- 
fever, and the like diseases in the same person ; the wearing 
out' of scars, and the ^mpleto restoration of tissues that 
'have been altered by injury or disease. 

Such are some of the more important conditions which 
appear to be essential to healthy nutrition. Absence or 
defect of any one of them is liable to bo followed by dis- 
airangement of the process ; and tl\e various diseases 
resulting from defe(;tive nutrition appear to be due to the 
failure of these conditions, more often than to imperfection 
of the process itself. 


Growth, as has been already observed, consists in the 
increase of a part in bulk and weight by the addition to 
its substance of particles similar to its own, but more 
than sufficient to replace those which it loses by the waste 
or natural decay of its tissue. The structure and composi- 
tion of the part remain the same ; but the increase of 
healthy tissue which it receives is attended with the capa- 
bility of disclmrgiug a larger amount of its ordinary 
function. 

While development is in progress, growth frecpiently 
proceeds with it in the same part, as in the formation of 
the various organs and tissues of the embryo, in which 
parts, while they grow larger, are also gradually more 
(lev(dop(3d until tJiey attain their perfect state. But, com- 
moiily, growth, continues After* development is completed, 
and in some«K parts continues even after the full stature 
gf the body is attained, and after nearly every portion 
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of it lias gained its perfect state in both size and composi- 
tion. 

In certain conditions, this continuance or a renewal of 
growth may be observed in nearly every part of the body. 
When parts have attained the full size which in the ordi- 
nary process of growth they reach, and are then kei)t in 
moderate exercise of their functions, they commonly (as 
already stated) retain almost exactly the same dimensions 
tlirough the adult period of life. But wben, from any cmise, 
a part already full-grown in proportion to the rest of the 
body, is called upon to discharge an unusual amount of its 
ordinary function, the demand is met by a (iorresx)Ouding 
iiK^reuso or growth of the part. Illustrations of this are 
afforded by the increased thickening of cuticle at parts 
where it^is subjected to an unusual degree of occasional 
pressure or friction, as in the palms of the hands of persons 
employed in rough manual labour ; by the enlargement 
and increased hardness of muscles that aro largely exer- 
cised; and by many other facts of a like kind. The 
increased i)Ower of nutrition put forth in such growth is 
greater than might be supx>osed ; for the immediate effect 
of iiKTcased exercise of a part must be a greater using of 
its tissue, and might be exjiected to entail a permanent 
thinning or diminution of the substance of the part. But 
tlie energy with whicli fresh particles are formed is suffi- 
cient not only to rex)lace completely those that are worn 
away, but to cause an increase in the substance of the 
part — the amount of this increase being j)roportioued to 
the more than usual degree in which its functions are 
exercised. 

The growth of a part from undue exercise of its functions 
is always, in itself, a healthy process ; and the increased 
size Vhich results from it must be distinguished from the 
various kinds of enlargerpent.to which the same part may 
be subject from .disease. In the former caae, the .enlarge- 
ment is due to an increased quantity of healthy tissue, 
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providing more than the jirevious power to meet a par- 
ticular emergency ; the other may be the result of a deposit 
of morbid material within the natural structure of the part, 
diminishing, instead of augmenting, its fitness for^its office. 
Such a healthy process of growth in a part, attended, with 
increased power and activity of its functions, may, liotrever, 
occur as the consequence of disease in some other part ; in 
which case it is commonly called Ihjpertnqilnj, Le., excess 
of nutrition. Tlie most familiar examples of this arc in 
the increased thickness and robustness of the muscular 
walls of the cavities of the heart in cases of continued 
obstruction to the circulation ; and in the increased de- 
velopment of the muscular coat of the urinary bladder 
■when, from any cause, the free discharge of urine from it 
is interfered with. In both these cases, though the origin 
of the growth is the consequence of disease, yet tlie growth 
itself is natural, and its end is the benefit of the economy ; 
it is only common growth renewed or exercised in a part 
wffiicli had attained its size in due proportion to the rest of 
the body. 

It may be further mentioned, in relation to the phy- 
siology of this subject, that when the increase of function, 
■whicJi is requisite in the cases from which hyportropliy 
results, cannot be efficiently discharged by mere increase 
of tlie ordiiiaiy tissue of the part, the development of a 
new and higher kind of tissue is frequently combined ■with 
this growth. An example of this is furnished by the 
uterus, in the walls of ^Yhieh, wdien it becomes enlarged, 
by pregnancy, or by the growth of fibrous tumours, organic 
muscular fibres, found in a very ill-developed condition in 
its quiescent state, are then enormously developed, and 
provide for the expulsion of the foetus or the foreign body. 
Other examples of^the same kind are furnished by cases in 
which, from obstruction to tjhe discharge of their contents 
and a eouseq^edtly increased necessity for propulsive 
power, the coats of reservoirs and of ducts become the seat 
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of development of organic muscular filircKS, \rliiclx could be 
said only just to. exist in them before, or were present in a 
very imperfectly developed condition. 

llespecting the mode and conditions of the process of 
growth, it need only be said, that its mode seems to differ 
only in degree from that of common maintenance of apart ; 
more particles are removed from, and manj’' more added to 
a growing tissue, than to one which only maintains itself. 
l>ut so far as can be ascertained, the mode of removali^ the 
disposition of the removed parts, and the insertion of tlie 
new particles, are as in simple maintenance. • 

The conditions also of growth are the same as those of 
common nutrition, and are equally or more necessary to its 
occurrence. When they are very favourahle or in excess, 
growth may occur in the place of common nutrition. Thus 
hair may grow profusely iu the neighbour] lood of old 
ulcers, in consequence, apparently, of the excessive supply 
of blood to the hair-bulbs and pulps ; bones may increase 
in length wlioii disease brings much blood to them ; and, 
cocks* spurs transplanted from their legs into their combs 
grow to an unnatural lengtli ; the conditions common to all 
these cases being botli an increased su])2dy of blood, and 
the ca2)ability, on tlie j)art of the growing tissue, of avail- ‘ 
ing itself of the otiportunity of increased absorption and 
nutrition thus afforded to it. In the absence of the last- 
named condition, increased supjdy of blood will not lead 
to increased nutrition. 
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CHAPTER XII. 

SECKHTION. 

Secbettox is the process by which materijjils are sepa- 
rated from the blood, and from the organs in which they 
are formed, for the purpose either of serving’ some idterior 
ofHcd in the econoinj% or l)eing discharged from the body 
as excrement. In the former case, both the separated 
materials and the processes for their separation are termed 
secretiona ; in the latter, they are name<l excretions. 

Most of the secr etion s consist of substances which, pro- 
bably, do not pre-exist in the same form in the blood, but 
require special organs and a process of elaboration for 
their formation, c?.//., the liver for the fonnation of bile, 
the mainmuTy gland for the formation of milk. The ex- 
cretions, on the other hand, commonly or chiefly consist of 
substanc^os which, as oirea, carbonic acid, and probably 
uric acid, exist ready-formed in tlio blood, and are merely 
abstracted therefrom. If from any cause, such as exten- 
sive disease or extirpation of an excretory organ, the sepa- 
ration of an cxd'etion is prevented, and an accumulation 
of it in the blood ensues, it fr(jquently escapes through 
other Organs, and may be detected in various fluids of the 
body. Rut this is never the case with secretions; at least 
with those that are most elaborated ; for after the removal 
of the special organs by which any of them is daborated, 
it is no longer formed. Cases sometimes occur in wbicli 
the secretion continues to be fori^ied by the natural organ, 
but not being able to escape towards the exterior, on ac- 
count of some obstruction, is re-absorbed into the blood, 
aiid afterwards discharged from it by exudation in other 
ways ; but these are not insjffcnceo of true vicarious secre- 
tion, and must not be thus regarded. 

Tliese circumstances, and their final destination, are, 
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liowever, the only particulars in which secretions and 
excretions can be distinguished ; for, in general, the struc- 
ture of the parts engaged in eliminating excretions, 
the kidneys, is as coiiixdex as that of the i)arts concerned 
in the formation of secretions. And since the differences 
of the two x>rocesses of separation, corresponding with 
those in the several purposes and destinations of the fluids, 
are not yet ascertained, it will be suflicient to speak in 
general terms of tlie x)rocess of separation or secretioil. 

klvery secreting apj)aratus j)Ossesses, as essential parts 
of its structure, a siinx^lo and ax)X)arently tcxtureless mom- 
})raue, named the prhnanj or haseme)it’inemhrane ; certain 
cvlh : and blood -r^saefs. These three structural elements are 
arranged together in various ways ; but all the varieties 
may be classed under one or other of two x)rincipal divi- 
sions, namely, membranes and fjiands, 

SEC 11 ETING MEM URAXES. 

The principal secreting membranes are the serous and 
synovial membranes, the mucous membranes, and the 
skin."^^ 

104. t 


The serous membranes are formed of fibro-cellular tissue, 
interwoven so as to constitute a membrane, the free surface 
of which is covered with a single layer of flattened cells, 
forming, in most instances, a sitn^do tesselated epithelium. 
Between the ejiithelium and the sul)jacent layer of fibro- 
cellular tissue, is situated the primary or basement mem- 
brane (Bowman). 

* The skill will he described in a subsequent cliax)ter. 
t Fij;. 104. Plan of a secn 1 tiji^*lleinbrano : mmxhrwm propria, or 
bascnieut-Tncinbrane ; b, epithelhmi composed of» secreting nucleated 
cells; c, layer. of capillary blood- vess. . s (after Sharpey). 
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In relation to tlie process of secretion, the layer of flhro- 
cellular tissue serves as a ground- work fcr the ramification 
of blood-vessels, lymphatics, and nerves. Rut in its usual 
form it is absent in some instances, as in the arachnoid 
covering the dura mater, and in the interior of the ven- 
tricles of the brain. Tho priiiinry membrane and epithe- 
lium are probably always present, and are concerned in 
the formation of the fluid by which the free surface of the 
membrane is moistened. 

The serous membranes are of two principal kinds : 
1st, TJiose w'liich line visceral cavities, — the arachnoid, 
[)ericar<lium, pleura), peritoneum, and tuniem vaginales. 
2nd. The synovial membranes lining the joints, and tlie 
shefitlis of tendons ^and lig«aments, with which, also, are 
usually included the synovial bursic, or hnrsa mucostVy 
whether these bo subcutaneous, or situated beneath ten- 
dons that glide over bones* 

The serous membranes form closed sacs, and exist 
'wherever the free surfaces of viscera come into contact 
with each other, or lie in cavities unattached to surround- 
ing parts. The viscera, 'which are invested by a serous 
membrane, are, as it were, i)ressed into the shut sac which 
it forms, carrying before them a portion of the membrane, 
which serves as their investment. To the law that serous 
membranes form shut sacs, there is, iu the human subject, 
one exception, viz. : the opening of tho Fallopian tubes 
into the abdominal cavity, — an arrangement which exists 
in man and all Vertebrata, with the exception of a few 
fishes. 

The principal purpose of the serous and synovial mem- 
branes is to famish a smooth, moist surface, to facilitate 
the movements of the invested organ, and to prevent the 
iujurio'iis efl'ects of ‘friction. This purpose is especially 
manifested in joints, in which fr§e and extensive move- 
ments take places and in the stomach and intestines, which, 
from the varying rpiantity and movements of their contents. 
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are in almost constant motibn upon one another and the 
walls of the abdomen. 

The fluid secreted from the free surface of the serous mem- 
branes is, in health, rarely more than suflicient to ensure tlio 
maintenance of their moisture. The opposed surfaces of ea(‘h 
serous sac, are at every point in contact with each other, and 
leave no si)ace in which fluid can collect. After death, a larger 
(juantity of fluid is usually found in each serous sac; but this, 
if not the product of manifest disease, is probably such fls has 
transuded after death, or in the last hours of life. An' excess of 
such fluid in any of tlie serous sacs (jonstitutes dropsy of the sac. 

The fluid naturally secreted by the serous membranes 
a]>pears to be identical, in general and chemical characters, 
with the serum of the blood, or with very dilute liquor san- 
guinis. It is of a pale yellow or straw-colour, slightly 
viscid, alkaliue, aud, because of the presence of albumen, 
coagulable by heat. Tlits presence of a minute quantity 
of tibrin, at least in (ho dropsical fluids (3ffu8ed into the 
serous cavities, is shown by their pjvrtial coagulation into a 
jelly-like mass, on the addition of certain animal substances, 
or on mixture with certain fluids, especially -such as contain 
cells (x). 75 et seq,). 'J'his similarity of the serous fluid to 
the liquid part of blood, and to the fluid wdth wliich most 
animal tissues arc moistened, renders it probable that it 
is, in great measure, soj)aratcd by simj)!© transudation 
through the walls of the blood-vessels. The probability 
is increased by the fact that, in jaundice, the fluid in the 
serous sacs is, equally with the serum of the blood, coloured 
with the bile. But there is reason for sux^posing that the 
fluid of the cerebral ventricles and of the arachnoid sac 
are exceptions to this rule ; for they differ from the fluids 
of the other serous sacs not only in being i)ellucid, colour- 
less, and of much less specific gravity, but in that they 
seldom receive the tinge# of bile in the blood, and are not 
coloured by madder, or otter similar substances introduced 
abundantly into the blood. « 
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It is also probable that the formation of synovial fluid 
is a i)rocess of more genuine and elaborate secretion, by 
means of the epithelial cells on the surface of the mem- 
brane, and especially of those which are accumulated on 
the edges and processes of the synovial fringes ; for, in its 
peculiar density, viscidity, and abundance of albumen, 
synovia difiers alike from the scrum of blood and from 
the fluid of any of the serous cavities. 

The mmoHs membranes line all those passages by which 
internal pai'ts communicate with the exterior, and by 
which either matters are eliminated from the body or 
foreign substances taken into it. They are soft and 
velvety, and extremely vascular. Their jj^oncral structure 
resembles that of serous membranes. It consists of 
epithelium, basement membrane, and fibro-cellular or 
areolar tissue containing blood-vessels, lymphatics, and 
nerves. Tlie structure of mucous membranes is less 
uniform, especially as regards their epithelium, than that 
of serous membranei|; but the varieties of structure 
in different parts are described in connection with 
the organs in which mucous membranes aro present, 
and need not be here noticed in detail. The external 
surfaces of muc(.>u8 ‘membranes are attached to various 
other tissues; in the tongue, for example, to muscle; 
on cartilaginous parts, to perichondrium; in the cells of 
the ethmoid bone, in the frontal and sphenoid sinuses, 
as well aa^ in the tympanum, to periosteum; in the 
intestinal canal, it is connected wdth a firm submucous 
ifcmbrane, which on its exterior gives attachment to the 
fibres of the muscular coat. 

The mucous membranes are described as lining cert^n 
principal tracts. I. The digestive tract commences in the 
cavity of the mouth, from which prolongations pass into 
the ducts of the salivary glands, from the mouth it passes 
tiirough the fajices, pharjmx, and oesophagus, to the 
stomach, and thence continued along the w:Uole tract of 



MUCOUS MEMBRANES. 


399 


the intestinal canal to the termination of the rectum, Being 
in its course arranged in the various folds and depressions 
already described, and prolonged into the ducts of the 
X>ancreas and liver and into the gall-bladder. 2. The 
respiratory tract includes the mucous membrane lining the 
cavity of tlie nose, and the various sinuses communicating 
with it, the lar;hrymal canal and sac, the conjunctiva of the 
eye and eyelids, and the prolongation which passes along 
the EustacJiiaii tubes and lines the tymx)anum and* the 
inner surface of the membrana tymx>ani. Crossing the 
pharynx, and lining that j)art of it which is above the soft 
l)alate, the resx)iratory tract leads into the glottis, whence 
it is continued, through the larynx and’ tracliea, to the 
bronchi and their divisions, which it lines as far as the 
branches of about of an inch in diameter, and con- 
tinuous with it is a layer of delicate epithelial mem- 
brane which extends into the pulmonary cells. 3. The 
yenito-urinanj tract, which lines the whole of the urinary 
X)assages, from their external orilic;e to the termination 
of the tubuli uriniferi of the kidneys, extends into and, 
through the organs of generation in both sc^xcis, into the 
ducts of the glands connected with them ; and in the female 
becomes continuous with the serous niembrane of the abdo- 
men at the fimbriae of the Fallopian tubes. 

Along each of the above tracts, and in different i)ortions 
of each of them, the mucous membrane presents certain 
structural jjcculiarities adapted to the functions which each 
X)pt has to discharge ; yet , in some essential characters 
mucous membrane is the same, from whatever x)art it is 
obtained. In all the principal and larger parts of tlie several 
tracts, it presents, as just remarked, an external layer of 
epithelium, situated upon hasenient-memhram, and beneath 
this, a stratum of vascular tissue of wiable thickness, 
which in ditferen.t cases presents either out-growths in the 
form of papillm and viHi, or <topre8sion8 or involutions in the 
form of glands. But in the prolong ations of tl^ tracts, where 
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they pass into fjland-ducts, these constituents are reduced 
in the finest branches of the duets to the epithelium, the 
primary or basement-membrane, and the capillary blood- 
vessels spread over the outer surface of the latter in a 
single layer. 

TJie xu-lniary or basement-membrane is a thin traiis- 
X)iirent layer, simple, homogeneous, and with no discernible 
structure, wdiich, on th«^ larger mucous membranes that 
have a layer of vascular fibro-collular tissue, may aj^poar 
to be only the blastema or formative substance, out of 
which successive layers of epitholium-eells are formed. 
But in the minuter divisions of the mucous , membranes, 
and in the ducts of glands, it is tlie layi^r continuous and 
correspondent with this basemeut-membrane tliat forms 
the proper w^alls of the tubes. The cells also wldch, lining 
tlie larger and coarser mucous membranes, constitute tlieir 
epithelium, are continuous w'ith, and often similar to 
those which, lining the gland-ducts, are called gimtd-cdls, 
rather than epithelimn. Indeed, no certain distinction 
can be drawn between the epithelium -cells of mucous 
membranes and gland-cells. In referonco to tlieir position, 
as covering surfaces, they might all bo called opithelium- 
(jelLs, 'whether they lie on open mucous membranes, or in 
gland-ducts ; and in reference to the process of secretion, 
tliey might all be called gland-cells, or at least secreting- 
eells, since they probably all fulfil a secretory office by 
separating ceitaiu definite materials from the blood and 
from the part on -Nyhich they are seated. It is only an 
artificial distinction which makes them epithelial cells in 
one place, and gland-ceUs in another. 

It thus ax)pear8, that the tissues essential to the pro- 
duction of a secretion are, in their Bimx)lest form, a simple 
membrane, Laving on one surface blood-vessels, and on 
the other a layer of cells, which may be called either 
epithelium-celfe or gland-cells. Glands are provided als<-> 
with lymphalic vessels and nerves. The disiadbution of 
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the former is not peculiar, land need not be here con- 
sidered. Nerve-fibres are distributed both to the blood- 
vessels of the gland and to its ducts ; and, in some glands, 
it is said, to the secreting cells also. 

The structure of the elementary portions of a secreting 
apparatus, namely epithelium, simple membrane, and 
lilood- vessels, having been already described in this and 
previous chapters, we may proceed to consider the manner 
in which they are arranged to form the varieties of 
secreting glands. 


SECRETING GLANDS. 

The secreting glands are the organs to which the office 
of secreting is more especially ascribed : for they appear to 
be occupied with it alone. They present, amid manifold 
diversities of form and composition, a general plan of 
structure, by which they are distinguished from all other 
textures of the body; especially, all contain, and appear 
constructed wdth particular regard to the arrangement of, 
the cells, which, as already expressed, both lino their tubes 
or cavities as an epithelium, and elaborate, as secreting 
cells, the substances to be discharged from them. 

For convenience of description, they may be divided into 
three jgrincigal gro ups, the characters of - each of which are 
determined by the different modes in which the sacculi or 
tubes containing the secreting cells are grouped : — 

I. The simple tiilule, or ittbularjiland (a, fig. 1 05), exam- 
ples of which are furnished by the several tubular follicles 
in mucous membranes ; especially by the follicles of Lie- 
berkuhn in the mucous membrane of the intestinal canal 
(p. 300), and the tubular or gastric glands of the stomach 
(p. 268), These appear to be simple tul»ilar depressions of 
/the mucous membrane on which they open, each consisting 
I of an elongated gland-vesiole, the wall oi> which is formed 
of primary membrane, and Is lined with secreting cells 
arranged as an epithelium. To the same fiass may be 

n » 




♦ Fig, 105. Pknsofextensionof secreting membrane by iuTersion or 

recession in fonn of cprities. A, siray>le glands, viz., Slra^t tube ; 

% coiled tube. B, multilocula^' crypts ; A:, of tubiiflto form ; 
,'4 kicKiulaT^ CJ, rapemose, or saccullh: comjKmnd gloT^id ; entire 
showing Ijranched duct and lobular structure ; ji,^a lobule, de- 
i i^jlshed with. 0, ^branch of duct proceeding from it. 1), comi)ouud 
gland <l£ter Sbarpey). _ ; - • „> 
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complex by the presence of to.all pouches along their sides 
(b, fig. 105), and form a connecting link between the 
members of this division and the next, as the former by 
their length and tortuosity do between the first division 
and the third (d, fi^. 105). 

2. The aggregated glands, including those that used to be 
called conglomerate, in which a number of vesicles or adni are 
arranged in groups or lobules (c, fig. 105). Such are all those 
commonly, called mucous glands, as those of the trachea, 
vagina, and the minute salivary glands. Such, also, are 
the lachrymal, the large salivary and mammary glands, 
Brunu^s, Cowper’s, and Duvemey’s glands, the pancreas 
and prostate. Thbse various organs differ from each other 
only in secondary points of structure ; such as, cliiefly, the 
arrangement of tlieir excretory ducts, the grouping of the 
acini and lobules, their connection by fibro-cellular tissue, 
and supply of blood-vessels. The acini commonly appear 
to be formed by a kind of fusion of the walls of several 
vesicles, which thus combine to form one cavity lined or 
filled with secreting cells which also occupy, recesses from 
the main cavity. The smallest branches of the gland-ducts 
sometimes open into the centres of these cavities; some- 
times the acini are clustered round the extremities, or by 
the sides of the ducts : but, whatever secondary arranger 
ment there may be, all have the same essential character 
of rounded groups of vesicles containing glandtcells, and 
opening, either occasionally or permanently, by a common 
central cavity into minute ducts, which ducts in the large 
glands converge and unite to form larger and larger 
branches, and at length, by one common trunk, open on a 
free surface of membraneu 

3. The wnvolut^ p^idar glands (n, fig? 105), sttch as the 
kidney and testis, form another division. These consist of 
tubules of .membrane, lined ;rith secretinl; ^Us arranged 
like an epithelium. Through nearly the whole of their 
long Go^se, the tubules pzesmt an almost uniform size and 

^ n n 2 
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structure ; ultimately they terminate either in a oul-de-sac, 
or by dilating, as in the Malpighian capsules of the kidney, 
or by forming a simple loop and returning, as in the 
testicle. 

Atnong tliese varieties of structure, all the permanent 
glands are alike in some essential points, besides those 
which they have in common with all truly secreting struc- 
, turqp. They agree in presenting a large extent of secreting 
j surface within a comparatively small space; in tho circum- 
' stance that while one end of the gland-duct opens on a 
free surface, the opposite end is always closed, having 
no direct communication with blood-vessels, or any other 
canal ; and in an uniform arrangement ftf capillary blood- 
vessels, ramifying and forming a network around the walls 
and in the interstices of the ducts and acini. 


PEOCESS OF SECBETION, 

From what has been said, it will have already appeared 
that the jnpdes in which secretions are produced are at least 
two . Some fluids, such as the secretions of serous mem- 
branes, appear to be simply exudations or oozings from the 
blood-vessels, whose qualities are determined by those of 
the liquor sangiiinis, while the quantities are liable to 
variation, or are chiefly dependent on the pressure of the 
blood on the interior of the blood-vessels. But, in the 
production of the other secretions, such as those of mucous 
membranes and all glands, other besides these mechanical 
forces are in operation. Most of tho secretions are indeed 
liable to be modified by the circumstances which affect 
the simple exudation from the blood-vessels, and the pro- 
ducts of such exijidations, when excessive, are apt to bo 
mixed with the more proper products of all the secreting 
^gans. But thsi act of seoretioH in all glands is the result 
the vita]Lj>rpcesso8 of colls or nuclei, which, as they 
pov^lop themselves and grow, form in their interior the 
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proper materials of tlie secretion, and then discliarge 
them. • 

The best evidence for this view is : Isi. That cells and 
nuclei are constituents of all glands, however diverse their 
outer forms and other characters, and are in all glands 
placed on the surface or in the cavity whence the secretion 
is poured. 2nd. That many secretions which are visible 
with tlio inisoroscopo may be seen in the cells of their 
glands before they are discharged. Thus, bile mi^y be 
often discerned by its yellow tinge in the gland-cells of the 
liver; spormatozoids in the cells of the tubules of the 
testides ; granules of uric acid in those of the kidneys of 
fish ; fatty particles, like those of miUc, in the cells pf the 
mammary gland* 

The process of secretion might, therefore, be said to be 
accomplished in, and by the life of, these gland-cells. 
They appear, like the cells or other elements of any other 
organ, to develop themselves, grow, and attain their indi- 
vidual perfection by appropriating the nutriment from the 
adjacent blood-vessels, and elaborating into the materials 
of their walla and the contents of their cavities. In this 
perfected state, they subsist for some brief time, and when 
that period is over they appear to dissolve or burst and 
yield themselves and their contents to the peculiar material 
of the secretion. And this appears to.be the case in every 
part of the gland that contains the appropriate gland -cells; 
therefore not in the extremities of the ducts or in the Acini 
alone, but in great part of their length. 

In these things there is the dosest resemblance between 
secretion and nutrition; for, if the purpose which the 
secreting glands are tO' serve in the economy be disre- 
garded, their formation might be considered as only the 
process of nutrition of organs, whose jgize and other con- 
ditions are maintained in, and by means of, the continual 
succession of cells developing themselves and passing 
away. In other words, glands are mcontained by the 
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development of the cells, and their continuance in the 
perfect state: and the secretions are discharged as the 
consti^ent gland-cells degenerate and are set &ee. The 
processes of nutrition and secretion are similar, also, in 
their obscurity : there is the same difficulty in saying why, 
out of apparently the same materials, the cells of one gland 
elaborate the components of bile, while those of another 
form the components of milk, and of a third those of saliva, 
as there is in determiniitg why one tissue forms cartilage, 
another bone, a third muscle, or any other tissue. In 
nutrition, also, as in secretion, some elements of tissues, 
such as the gelatinous tissues, are diHerent in their 
chemical properties from any of the constituents ready- 
formed in the blood. Of these diffttences, also, no 
account can be rendered; but, obscure as the cause of 
these diversities may be, they are not objections to the 
explanation of secretion as a process similar to nutrition ; 
an explanation with which all the facts of the case are 
reconcilable. 

It may be observed 'that the diversities presented by the 
other constituents of glands afiEbrd no explanation of the 
differences or peculiarities of their several products. There 
are many differences in the arrangements of the blood- 
vessels in different glands and mucous membranes ; and, 
in accordance with these, much diversity in the rapidity 
with, which the blood traverses them. But there is no 
reason for believing that these things dp more than in- 
fluence the rate of the process and the quantity of the 
material secreted. Cateris paribus, the greater the vascu- 
larity of a secreting organ, and the larger the supply of 
blood traversing its vessels in a given time, the larger is 
the amount of secretion; but there is no evidence that the 
quantity or mode of movement of the blood can directly 
determine the qualily of the setaretion. 

The Discharge of Secretions from glands may take place 
as soon as they are formed; or the secretion may be long 
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retained within the gland oy its ducts. The secretions of 
glands which are continually in active function for the 
purification of the blood, such as the kidneys, are generally 
discharged from the gland as rapidly as they are formed 
But the secretions of those whose activity of function is 
only occasional, such as the testicle, are usually retained 
in the ducts during the periods of the gland’s inaction. 
And there are glands which are like both these classes, 
such as tlie lachrymal and salivary, which const^tly 
secrete small portions of fluid, and on occasions of greater 
excitement discharge it more abundantly. 

When discharged into the ducts, the further course of 
|secretions is ellected partly by the pressure from behind ; 
tlic fresh quantities of secretion propelling those that were 
formed before. In the larger ducts, its propulsion is 
assisted by the contraction of their walls. All the larger 
ducts, such as the ureter and common bile-duct, possess in 
their coats organic muscular fibres; they contract when 
irritated, and sometimes manifest peristaltic movements. 
Bernard and Brown- StHiuard, indeed, have observed rhyth- 
mic contractions in the pancreatic and bile-ducts, and 
filso in the ureters and vasa deferentia. It is probable 
that the contractile power extends along the ducts to a 
considerable distance within the substance of the glands 
whose secretions con bo rapidly expelled. Saliva and 
milk, for instance, are sometimes ejected with much force ; 
doubtless by the energetic and simultaneous contraction of 
many of the ducts of their respective glands. The contrac- 
tion of the ducts can only expel the fluid they contain 
tlirough their main trunk ; for at their opposite ends all 
the ducts are closed. 

Circumstances influencing Secretion . — The influence of 
^ external conditions on the functions of glands, is mani- 
) lasted chiefly in alterations of the quantity of secretion; 
and among the principal of these conditions are variations 
in th^<gpmtity of blood, in the quantity *of the peculiar 
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; materials for any secretion that it may contain, and in tlie 
conditions of the nerves of the‘ glands. 

In general, an increase in the quantity of blood traversing 
a gland, coincides with an augmentation of its secretion. 
Thus, the mucous membrane of the stomach becomes florid 
when, on the introduction of food, its glands begin to 
secrete : the mammary gland becomes much more vascular 
during lactation; and it aj^pears that all circumstances 
- which give rise to an increase in the quantity of material 
secreted by an organ, produce, coincideiitly, an increased 
suppiy of blood. In most cases, the increased supply of 
blood rather follows than precedes the increase of secre- 
tion ; as, in the -nutritive processes, the increased nutrition 
of a part just precedes and determines the increased 
supply of blood ; but, as also in tlie nutritive process, an 
increased supply of blood may have, for a consequence, an 
increased secretion from the glands to which it is sent. 

Glands also secrete with increased activity when the 
blood contains more than usual of the materials they are 
designed to separate. Thus, when an excess of urea is 
in the blood, whether from excessive exercise, or from 
destruction of one kidney, a healthy kidney will excrete 
more than it did before. It will, at the same time, groW 
larger : an interesting fact, as proving both that secretion 
and nutrition in glands are identical, and that the presence 
of certmn materials in the blood may lead to the formation 
of structures in which they may be incorporated. 

The process of secretion is, also, largely influenced by 
the condition of the nervous system. 

The exact mode in which the nervous system influences 
secretion must be still regarded tTs somewhat obscure. lu 
part, it exerts its influence by increasing or diminishing the 
quantity of blood supplied to the secreting gland, in virtue 
of the power which it exercises over the contractility of the 
smaller blood- veseibls ; while it also has a more direct in-' 
ifluence analogous to the trophic influen(5o refen^ed to in the 
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chapter on Nutiutiox. Its influence over secretion, as well 
as over other functions of the body, may be excited by 
causes acting directly upon the nervous centres, upon the 
nerves going to the secreting organ, or ux)on the nerves of 
other parts. In the latter case, a reflex action is x)roduced : 
thus the impression produced upon the nervous centres by 
the contact of food in the mouth, is reflected upon the 
nerves supiflying the salivary glands, and x>roduces, through 
these, a more abundant secretion of saliva. ^ 

4 Through the nerves, various conditions of the mind also 
i influence the secretions. Thus, the thought of food* may 
be suflicient to excite an abundant flow of saliva. And, 
X)robably, it is the mental state which excites the abundant 
secretion of urine in hysterical paroxysms, as well as the 
X)erspiration8 and, occasionally, diarrhoea, which ensue under 
the influence of terror, and the tears excited by sorrow or 
excess of joy. The quality of a secretion may also bo 
affected by the mind ; as in the cases in which, through 
grief or x)assion, the secretion of myk is altered, and is 
sometimes so changed as to X)roduce irritation in the 
alimentary canal of tlie child, or even death (Carpenter). 

The secretions of some of the glands seem to bear a 
certain relation or antagonism to eacli other, by which an 
increased activity of one is usually followed by diminished 
activity of one or more of the other’s,- and a deranged 
condition of one is apt to entail a disordered state in the 
others. Such relations appear to exist among the various 
mucous membranes : and the close relation between the 
secretion of the kidney and that of the skin is a subject of 
constant observation. 
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CHAPTER XIII. 

THE VASCULAE GLAXDS ; OR GLANDS WITHOUT DUCTS. 

The materials separated from the blood by the orilinary 
process of secretion by glands, are always discharged from 
the, organ in which the’y are formed, and either straight- 
way expelled from the body, or if they are again received 
into the blood, it is only after they have been altered from 
their original condition, as in the cases of the saliva and 
bile. There appears, however, to bo a modification of the 
process of secretion, in which certain ‘materials are ab- 
stracted from the blood, undergo some change, and are 
added to the lymph or restored to the blood, without being 
previously discharged from the secreting organ, or made 
use of for any secondary purpose. The bodies in wdiicli 
this modified form of secretion takes place, are usually 
described as vascular glands, or glands without ducts, and 
include the spleen, the thymus and thyroid glands, the 
supra-ronal capsules, and, according to Qilsterlin and 
Ecker and (lull, tlie pineal gland and pituitary body; 
possibty, also the tonsils. 

The solitary and agminate glands of the intestine 
(p. 302), and lymph-glands in general also elpsely resem- 
ble them ; indeed, both in structure and function, the 
vascular glands bear a close relation, on the one hand, 
to the true secreting glands, and on the other, to the 
lymphatic glands. 

' The evidence in favour of the view that these organs 
exercise a function analogous to that of secreting glands, 
lias been cliiefly / 7 btained from investigations into their 
structure, which have 8h<>wn that most of the glands with- 
out ddcts contain the same essential structures as the 
secreting glands, except the ducts. They ar0 mainly com- 
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posed of vesicles, or sacculi,. either simple and closed, as in 
the thyroid (fig. 1 06), aifd supra-renal capsules, or 
variously branched, and with the cavities of the several 
branches communicating in and by common canals, as in 
the thymus (fig. 107). These vesicles, like the acini of 
secreting glands, are formed of a delicate homogeneous 
membrane, are surrounded with and often traversed by a 
vascular plexus, and are filled with finely mole(jular albu- 
minous fluid, suspended in which are either granules, of 
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fat, or cytoblasts or nuclei, or nucleated cells, or a mix- 
ture of all these. 

Structure of the Spleen , — ^The spleen is covered exter- 
nally almost completely by a serous coat derived from the 
peritoneum, while within this is the proper fibrous coat or 
capsule of the organ. The latter, composed of connec- 
tive tissue, with a large preponderance of elastic fibres, 
forms the immediate investment of the spleen. Prolonged 
from its innpr surface are fibrous processes or traheculw, 

* Fig. lo6. -Vesicles from the^yroid Gland of a Child (from Kol- 
Jikor) a, connective tissue. between the vesicles ;>&, capsule of the 
vesicles ; c, thej# epithelial lining. 
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wliicli enter the interior of the organ, and, dividing and 
anastomosing in all parts, 'form a kind of supporting 
frame’work or stromo/, in the interstices of which the 
proper substance of the spleen, or the spleen -pulp, is con- 
tained. At the hilus of the spleen, or the part at which 
the blood-vessels, nerves, and lymphatics enter, the fibrous 

coat is prolonged into the 
spleen-substance in the form 
of investing sheaths for the 
arteries and veins, which 
sheaths again are connected 
with the trabeculec before re- 
ferred to. 

The spUenpulp, which is 
a dark red or reddish-brown 
colour, is composed chiefly 
of cells. Of these, some are 
granular corpuscles resem- 
bling the lymph-corpuscles, 
both in general appearance 
and in being able to perform 
amoeboid movements ; others 
are red’ blood-corpuscles of 
normal appearance or variously changed; while there are also 
large cells containing either pigment allied to the colouring 
matter of the blood, or rounded corpuscles like redbiood-cells. 

Tlie splenic artery ’which enters the spleen by its con- 
t‘ave surface or hilm divides .and subdivides, with but 
little anastomosis between its branches, in the midst of the 
spleen-pulp, at the same time that its branches are 

* Fig. 107. Transverse Section of a bobulo of an Injected Infantile 
Thymus Gland (aftef Kolliker) (m^ified 30 diameters), a, capsule 
of connective tissue surrounding the lobule ; 6, membrane of the 
glandular vesicles ; cavity of the lo1)ule, from which the larger blood- 
vesseliS are seen, to extend towards and ramify in the spheroidal masses 
of the lobule. 
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sheathed, as before said, hy^ifie fibrous coat, which they, 
so to speak, carry into the spleen with them. Ending in 
capillaries, they either communicate, as in other parts of 
the body, with the radicles of the veins, or end in lacunar 
spaces in the spleen-pulp, from which veins arise (Gray). 

On the. face of a section of the spleen can be usually 
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seen, readily with the naked eye, minute, scattered, rounded 
or oval whitish spots, mostly from to inch in dia- 
meter. These are the Malpighian corpuscles of the spleen, 
and are situated on the sheaths of the minute splenic 
arteries, of vdiich, indeed, they may be said to be out- 
growths (fig. 108). For while the sheaths of the larj 
arteries are constructed of ordinary connective tissue, this 
has become modified where it forms an^investment for the 


* Fig. io8. The figure shows a portion of a small artery, to one of the 
twigs of which the Malpighian corpuscles are attached. 
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smaller vessels, so as to boia fine retiform tissue, with 
abundance of corpuscles, like lymph-corpuscles, contained 
in its meshes; and the Malpighian corpuscles are blit 
small outgrowths of this cytogenous or cell-bearing con- 
nective tissue. They are composed of masses of corpuscles, 
intersected in all parts by a delicate fibrillar tissue, which, 
though it invests the Malpighian bodies, does not form a 
complete capsule. Blood-capiUaries traverse the Malpi- 
ghian corpuscles and form a plexus in their interior. The 
structure of a Malpighian corpuscle of the spleen is, 
therefore, very similar to that of lymphatic-gland sub- 
stance (p. 355). 


The general resemblances in structure between certain of 
the vascular glands and the true glands lead to the supposi- 
tion that both sets of organs pursue, up to a certain point, 
a similar course in the discharge of their functions. It 
is assumed that certain principles in an inferior state of 
organisation are effused from the vessels into ^he sacculi, 
and gradually develop into nuclei or cytoblasts, which may 
be further developed into cells ; that in the growth of these 
nuclei and ceils, the materials derived from the blood are 
elaborated into a higher condition of organization ; and 
that when liberated by the dissolution of these cells, they 
pass into the lynpiphatics, or are again received into the 
blood, whose aptness for nutrition they contribute to 
maintain, 

The opinion that the vascular glands thus serve for the 
higher organization of the blood, is supported by their 
being all especially active in the discharge of their functions 
during foetal life land childhood when, for the developm^t^ 
und growth of the body^^^the most abundant supply 
Mghly ^organized* blood Is'necbssary. The bulk of the 
mUB gland, in proportion to that of the bddy, appears to 
bnar almost a direct proportion to the activily of the body’s 
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development and growth, and when, at the period of 
puberty, the development of the body may be said to be 
complete, the gland wastes, and finally disappears. The 
thyroid gland and supra-renal capsules, also, though they 
probably never cease to discharge some amount of function, 
yet are proportionally much smaller in childhood than in 
fobtai life and infancy ; and with the years advancing to 
the adult period, they diminish yet more in proportionate 
size and apparent activity of function. The spleen more 
nearly retains its proportionate size, and enlarges nearly as 
the whole body does. 

The function of the vascular glands seems not essential 
to life, at least nothin the adult. The thymus wastes and 
disappears ; no signs of illness attend some of the diseases 
which wholly destroy the structure of the thjrroid gland ; 
and the spleen has been often removed in animals, and in 
a few instances in men, -without any evident ill-conscquenco. 
It is possible that, in such cases, some compensation for 
the loss of one of the organs may bfe afforded by an in- 
creased activity of function in those that remain. The 
experiment, to be complete, should include the removal of 
all these organs, an operation of course not possible without 
immediate danger to life. Nor, indeed, would this be 
certainly sufficient, since there is reason to suppose tliat the 
duties of the spleen, after its removal, might be performed 
by lymphatic glands, between whose structure and that of 
the vascular glands there is much resemblance, and which, 
it is said, have been found peculiarly enlarged when the. 
sjdeen has been removed (Meyer). 

Although the functions. of all the vascular glands may 
be similar, in so far as they may all alike serve for the 
.elSiboration and maintenance of the blooc^ yet each of them 
pfoiiably discharges a peculiar of&ce, in relation either to 
the whole economy, or td that of soipe other organ, 
liespeoting the special offici of the thyroid gland, niching 
reasonable ean be suggested; nor is there any certain 
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evidence concerning that the supra-renal capsules."*^ 
llespectiilg the tliymus gland, the observations of Mr. 
Simon, confirmed by those of Friedleben, and others, have 
shown that in the hybemating animals, in which it exists 
throughout life, as each successive period of hybernation 
approaches, the tliymus greatly enlarges and becomes laden 
with fat, which accumulates in it and in fat-glands connected 
with it, in even larger proportions than it docs in the 
ordinary seats of adipose tissue. Hence it appears to serve 
for the storing up of materials wliich, being re-absorbed in 
inactivity of the hybemating period, may maintain the 
respiration and the temperature of the body in the reduced 
state to which they fall during that tim9. 

With respect to the office of the spleen, we have 
somewhat more definite information. In the first place, 
the largo size which it gradually acquires towards the ter- 
mination of the digestive process, and the great increase 
observed about this period in thO amount of the finely- 
granular albuminous plasma within its parenchyma, and 
the subsequent gradual decrease of this material, seem to 
indicate that this ' organ is concerned in elaborating the 
albuminous or formative materials of food, and for a time 
storing them up, to be gradually introduced into the blood, 
according to the demands of the general pystem. The 
small amount of fatty matter in such plasma, leads to the 
inference that tjiie gland has little to do in regard to the 
preparation of material for the respiratory process. 


’ * Mr. J. Hutchijison, and, more recently, Dr. Wilks, following out 
I>r. Addison’s discovery, have, by the collection of a large and valuable 
serios of cases in which the supra-renal capsules were diseased, demon- 
strtited most satisfactorily the very close relation subsisting between 
disease of these organs and brown discoloration tlie skin ; but the 
explanation of tins Velatioii is still involved in obscurity, and conse- 
quently does nof ’aid much m dcttjrminiug the functions of the supra- 
renal capsules. 
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Tlien again, it seems not improbable that, as Hewson 
originally suggested, tlie spleen, and perhaps to some 
extent tlie other vascular glands, are, like the lymphatic 
glands, engaged in the formation of the germs of subse- 
<iuent blood-corpuscles. For it seems quite certain, that 
the blood of the splenic vein contains 'an unusually largo 
amount of white corpuscles ; and in the disease termed 
leucocythfemia, in which the pale corpuscles of the blood 
are remarkably increased in number, there is almost 
til ways found an hypertrophied state of the s;^leen or thy- 
l oid body, or some of the lymphati(i glands. Accordingly 
there seems to be a close analogy in function between the 
so-(ialled vascular tvid the lymphatic glands : the former 
elaborating albuminous principles, and forming the germs 
of new blood-corpuscles out of alimentary materials ab- 
sorbed by the blood-vessels; the latter discharging the 
like ofhee on nutritive materials taken up by the general 
absorbent system. In Kdlliker's opinion, the development 
of colourless and also coloured corpus^tdes of the blood is 
one of the essential functions of the spleen, into ^he veins 
of which the new-formed corpuscles pass, and are thus 
conveyed into the general current of the circulation. 

There is reason to believe, too, that in the spleen many 
of the red corpuscles of the blood, those probably which 
Ivave discharged their office and are worn out, undergo 
disintegration ; for in the coloured portion of the spleen- 
pulp an abundance of such corpuscles, in various stages of 
degeneration, are found, while the red corpuscles in tlie 
splenic venous blood are said to be relatively diminished. 
According to Kolliker’s description of this process of disin- 
tegration, the blood-corpuscles, , becoming smaller and 
darker^ collect together in roi^dish heaps, which may 
remain in this condition, or become each surrounded by a 
cell-wall. The cells thus produced may coptain from one 
to twenty blood-corpuscles tu their interior. • These cor- 
puscles become smaller and smidler; exchange their red 
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for a golden yellow, Lrown, of black colour ; and, at length, 
are converted into pigment-granules, which, by degrees 
become paler and paler, until all colour is lost. Vhe 
corpuscles undergo these changes . whether the heaps of 
them are enveloped by a cell-wall or not. '■ 

Besides these, its supposed direct offices, the spleen is 
believed to fulfil some puri>ose in regard to the portal 
circulation, with which it is in close connection. From the 
lohdiness with which it admits of being distended, and 
from the fact that it is generally small while gastric 
digestion is going on, and enlarges when that act is con- 
cluded, it is supposed to act as a kind of vascular reservoir, 
or diverticulum to the portal system, more particularly 
to the vessels of the stomach. That it may serve such a 
purpose is also made probable by the enlargement which 
it undergoes in certain affections of the heart and , liver, 
attended ^^'ith obstruction to the passage bf blood through 
the latter organ, and by its diminution wlien tlie congestion 
of the portal systena is relieved by discharges from the 
bowels, or by the effusion of blood into the stomach. 
This mechanical influence on the circulation, however, 
can hardly be supposed to be more than a very subordinate 
part of the office of an organ of so great complexity as the 
spleen, and containing so many other structures besides 
blood-vessels. The same may also be said with regard to 
the opinion that ,tho thyroid gland is important as a 
diverticulum for the cer^J)ral circulation, or the thymus 
for the pulmonary in childhood. These, like the spleen, 
must liave peculiar and higher, though as yet ill-under- 
stood, offices. ^ .1' 
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CHAPTER XIV. 

THE SKIN AND ITS SECRETION'. 

To complete the consideration of the processes of organic 
life, and especially of those which, by separating materials 
from the blood, maintain it in the state necess'ary for the 
nutrition of the body, the structure and functions of the 
skin must be no considered : for besides the purxjosos 
which it serves — (l), as an external integument for tlie 
protection of the deeper tissues, and (2), as a sensitive 
organ in the exercise of touch, it is also (3), an imx)ortant 
excretory, and (4^ an absorbing organ ; while it plays a 
most important part in (5) the regulation of the tempera- 
ture of the body. t 


Stnictitre of the Skin, 

The skin consists, principally, of a layer of vascular 
tissue, named the corimiy derma ^ or mtis vera, and an 
external covering of epithelium termed the cuticle or 
epidermis. Within and beneath the corium are imbedded 
several organs with sx)ecial functions, namely stidoriparotis 
glands, sebaceous glands, and hair-follicles ; and on its sur- 
face are sensitive papillce. The so-called appendages of 
the 8|dn — the hair and nails — are modifications of the 
epidermis. 

Epidermis , — ^The epidermis is composed of several layers 
of epithelial cells of the squamous kind (p. 30), the deeper 
cells, however, being rounded or elongated, and in the 
latter instance . having ^heir long axis arranged vertically 
as regards the general surface of the stm, while the more 
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8uporfi(.ial cells are flattened and scaly (fig. 109). Tlie 

deeper part of the epider- 
mis, which is softer and 
more opaque than the sji- 
poi'flcial, is called the rete 
muvosxnn. Many of the 
epiderniiil cells contain 
pigment, and the varying 
quantity of this is the 
source of the different 
shades of tint in the skin, 
both of individuals and 
races. /ITio colouring inat- 
ler is contained chiefly in 
the deeper <;olls composing 
the rete mucom niy and be- 
comes less evident in them 
as they are gradually 
pushed up by tho»3 under tliem, and become, like their 
predecessors, flattened and scale-like (fig. 109). It is by 
this jn’ocess of production from beneath, to make uj) for 
the w^aste at the surface, that the growth of the cuticle is 
effected. 

The thickness of the epidermis on different portions of 
tlie skin is directly proportioned to the friction, pressure, 
and other sources of injury to w^hich it is exposed ; and tlui 
more it is subjected to such injury, within certain limits, 
the more does it grow, and the thickcjr and more horny 
does it become ; for it serves as well to protect the sen- 
sitive and vascular cutis from injury from without, as to 
limit the evaporation of fluid from the blood-vessels. The 

^ Fig. T09. Skiii\ of t)ie negro, in a vertical section, magnified 250 
diameters. a, vsuianeous papilltc ; by undermost and dark coloured 
layer of obloiig vert'acal epidermis-cells; c, mucous or Malpighian 
layer; homy layer Ofrom Sharpey). 


Fifj. 109.* 
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adaptation of the epidermis to^the latter purposes may be 
’vvell shown by exposing to the air two dead hands or feet, 
of which one has its epidermis perfect, and the other is 
deprived of it ; in a day, the skin of the latter will become 
brown, dry, and horn-like, while that of the former will 
almost retain its natural moisture. 

Cutis vera , — The corliun or ctdis, which rests upon a layer 
of adipose and cellular tissue of varying thickness, is a 
dense and tough, but yielding and highly elastic structuile, 
composed of fasciculi of fibro-ccllular tissue, interwoven 
in all directions, and forming, by their interlacements, 
numerous spaces or areohe. These areolio are large in 
tlie deeper layers of the cutis, and are there usually filled 
with little masses of fat (fig. 112) : but, in the more super- 
licial parts, they are exceedingly small or entirely oblite- 
rated. 

By means of its toughness, flexibility, and elasticity, the 
skin is eminently qualified to serve as the general integu- 
ment of the body, for defending the iuternal parts from 
external violence, and readily yielding .and adapting itself 
to their various movements and changes of position. But, 
from the abundant suppl}" of sensitive nerve-fibres which 
it receives, it is enabled to fidfil a not less important pur- 
pose in serving as the principal organ of the sense of 
touch. The entire surface of the skhi is extremely sen- 
sitive, but its tactile properties are due cliiefly to the 
abundant papillm with which it is studded. These papillm 
are conical elevations of the corium, with a single or 
divided free extremity, more prominent and more densely 
set at some parts than at others (figs. 1 10 and in). The 
parts on which they are most abundant and most prominent 
are the palmar surface of the hands and fingers, and the 
soles of the feet — parts, therefore, in wliich the sense of 
touch is most acute. On iliese parts they are disposed 
in double rows, in i)ar^el curved lines, separated from 
eatjh other by depressions (fig. 112). Thus they may 
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he seen easily on the pakn, whereon each raised lino is 
composed of a double row of papilloo, and is intersected by 
short transverse lines or furrows corresponding with the 
interspaces between the successive pairs of papillm. Over 
other parts of the skin they aro more or less tliinly 
scattered, and are s(‘an?ely elevated above tlie suiTuce. 
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llieir average lengtli is about of an inch, and at 

tlieir base they measure about ^ J-fjth of an inch in diainefer. 
Each papilla is abjindantly supidied with blood, receiving 
from the vascular plexus in the cutis one or more minute 
arterial twigs, which divide into capillary loops in its 
substance, and tlien reunite into a minute vein, \vhi(di 
passes out at its base. Tlio abundant suj^ply of blood 
which the |)apillu> thus receive explains the tiu*gesceuce or 
kind of erection wdiich they undergo when the circulation 
through the skin is active. The majority, hut not all, of 
the papilla) contain also one or more terminal nerve-fibres, 
from the ultimate ramifications of tlie cutaneous plexus, 
on which tlieir exquisite sensibility depends. The exact 
mode in which these nerve-fibres terminate is not yet 

* ii6. TapiJkr, as soon wit!i a microscope, on a portion of the 
true shin, from whiidi tho cuticle has been removed (after Hreschet). 

+ Fif^. Ill Compound pa])ill!e from the palm of tho hand, mag- 
nified 6o diameters ; a, basis of a jmpilla ; 6, ft, divisions or branclieJi ^ 
of the sumo; c,% branches belonging to papillte, of which the bas(.s 
are hidden from view (after Kblliker). 
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satisfactorily determined. In some parts, especially those 
in which the sense of touch is highly developed, as for 
example, the palm' of the hand and tlie lips, tlio fibres 

Fitj. 1 12.* 



iip])(‘ur to terminate, in many of the papilhu, by one oi' 
more free ends in tlie substance of a dilated (jval-shaped 
body, not unlike a Pacinian corpuscle (figs. 136, 1 37), 
occupying the principal part of the interior of the papillm, 
and termed a toiich-corpuscle (fig. 1 1 3). The nature of this 
body is obscure. Kolliker, Huxley, and others, regard it as 


* Fig. 112. Vertical section of the skin and subcutaneous tisstic, 
Iroiu end of the thutub, across the ridges and* furrows, magnified 20 
diameters (from Kolliker): a, horny, aud b, mucous layer of the epi- 
tlermis ; c, coriuni ; d, pcmniciuks adipoma ; c, pnpillai on the ridges ; 
/, fat clusters ; sweat-glands; h, sweat-ducts ; i,*their openings oa 
the surface. 
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little else thaD a mass of fibrous lor connective tissue, 
surrounded by elastic fibres, and formed, according to 
Huxley, by an increased development of tlie neurilemma 
of the nerve-fibres entering the papillm. Wagner, how- 

D A 


a. 



ever, to whom seems to belong the merit of first fully 
describing these bodies, believes that, instead of thus 
consisting of a homogeneous mass of connective tissue, 
they are special and peculiar bodies of laminated structurt*, 
directly concerned in the sense of touch. They do not 
occur in all t?ie papiUm of the parts where they are found, 
ai*d, as a rule, in the papillae in which tliey are present 
there are no blood-vessels. Since these peculiar bodies in 
which the nerve-fibres end are only met with in the papilla* 
of highly sensitive parts, it may be inferred that they are 

* Fig. 113. Papillx* from tlic skin of the h/iTid, freed from the cuticle 
and cxluhitiiig the tactile corpuscles. . Magnilied 350 diameters, a. 
Simple ]Hipilla vith four nerve-fibres : a, tactile corpuscle. ; 6, nerves. 
B. Papilla, treated with acetic acid : a, cortical layer with cells and 
fine elastic filaments ; * 1 , tactile corpuscle with ti-ansverse nuclei ; c, 
entering nerve with neurilemma or perineurium ; d, nerve-fibres wind- 
ing round the cor.pusale. 0. Papilla viewed from above so os to appear 
id ,a cross sections: a, cortical layer ; 6, nerve-fibre ; c, sheath of the 
tactile corpuscle containing nuclei; d, core (after Kdlliker). 
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specially concerned m ih6 een^e of touch, yet their ahsonce 
from the papillse of other tactile parts shows that they are 
not essential to this sense. 

Closely allied in structure to the Pacinian corpuscles 
and touch-cori)U 8 cles are some little bodies about I ,j of 
an inch in diameter, first particularly described by Krause, 
and named by him “ end-bulbs.*’ They are generally oval 
or spheroidal, and composed externfilly of a coat of con- 
nective tissue enclosing a softer matter, in which the ex- 
tremity of a nerve terminates. These bodies have been 
found chiefly in tlie lips, tongue, palate, and the shin of the 
glans penis (fig. I T 4 ) . 

Although destiijed especially for the sense of touch, the 
papilla* are not so placed as to come into direct contact 
with external objtjcts ; but, like the rest of the siirfacje oi 
the skin, are covered by one or more layers of epithelium, 
forming the cuticle or epidermis. TJie pupillu) adhere 


iV;/ 114^ 
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* Fig. 114. Eiid-bulbs hi pa^iilbie (iimgnified) treated with acetic 
acid. A, from the lii)s ; the wliite loops in one oPUjem are capillaries, 
r., from the tongue. Two end-bulbs seen in the midst of the simple 
papilUe : a, a, nerves (from Kollik<Th 
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very intimately the cuticle, whicll is thickest in tlio 
spaces between them, but tolerably level on its outer 
surface : hence, when stripped off from the cutis, as after 
maceration, its internal surface presents a series of pits 
and elevations corresponding to the papillae and their 
interspaces, of which it tlius forms a kind of mould. 
Besides affording by its impermeability a check to undue 
evaporation from the skin, and providing the sensitive 
(!utis witli a protecting^ investment, the cuticle is of service 
ill relation to the sense of touch. For, by being thickest 
in the spaces between the papilla', and only thinly spread 
over the summits of these processes, it may servo to sub- 
divide tlie sentient surface of the skin into a number of 
isolated peunts, each of which is capatle of receiving a 
4ifitinct impression from an external body. By covering 
the iiapilho it renders the sensation produced by external 
bodies more obtuse, and in this manner also is subservient 
to touch : for unless the very semsitive papilhe ^^^ere thus 
defended, the contagt of substances would give rise to 
pain, instead of the ordinary iini)ressioiis of touch. Tliis 
is shown in the extreme sensitiveness and loss of tactile! 
power in a part of the skin wlicn deprived of its epidermis. 
If the cuticlc! is very thick, however, as on tlio heel, touch 
becomes imperfect, or is lost, through the inability of the 
tactile papilho to receive impressions tlirough the dense 
and horny layer covering them. 

Sudoriparous Glands , — In the middle of each of tho 
transverse furrows between the papilhe, and irregularly 
scattered between the bases of the papillm in those parts 
of the surface of the body in which there are no furrows 
between them, are the orifices of ducts of the sudoriparous 
or sweat glands, by which it is probable that a large portion 
of the aqueous anfi. gaseous materials excreted by the skin 
are separated. Each of these ^glands consists of a small 
lobular mass, ysrliieh appears formed of a coil of tubular 
gland-duct, surrounded by blood-vessels and embedded in 
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tlie sul)CutaTieous adipose Ijissue (fig» .I12). From this 
mass, the duct ascends, for a short distance, in a spiral 
manner through the deeper part of the cutis, then passing 
straight, and then sometimes again becoming spiral, . it 
passes through the cuticle and opens by an oblique valve- 
like aperture. In the parts where the epidermis is thin, 
the ducts themselves are thinner and more nearly 
straight in their course (fig. II 5). The duct, which 
maintains nearly tlie same diameter throughout, is lined 
witli a layer of epithelium continuous with the epidermis; 
while tlio part w]ii(,*h passes tlirough the exudemiis is com- 
posed of the Ifittor strucluro onty ; the cells which imme- 
diately form boundary of the canal iii this part being 
somewhat dillereutly arranged from those of the adjacent 
cuticle. 

Tlie sudoriparous glands are abundantly distributed 
over the whole surface of tlie body ; hut are especially 
numerous, '.veil as veiy large, in the skin of the palm 
of the baud, wdiore, according to Krause, they amount to 
2736 in each siix^erlic ial sc^uare inch, and according to 
Mr. Erasmus Wilson, to as many as 3528. 'i'hey are 
almost equally abuiuhtnt and large in the skin of the solo. 
Tlie glands by -which the peculiar odorous matter of the 
axillm is secreted form a nearj3»^ complete layer under the 
cutis, and are like the ordinary Sudoriparous glands, except 
in being larger and having very short ducts. In the neck 
and back, where they are least numerous, the glands 
amount to 417 on the square inch (Krause). Their total 
number Krause estimates at 2,381,248 ; and, supposing 
the orifice of each gland to present a surface of -^Vth of a 
line in diameter (and regarding a line as equal to 
an inch), he reckons that the whole of the glands would 
prt^seut an evaporating surfacje of Vbout eight square 
inches.* » 

* The peculiar bitter yeyow substance seereted*by the skin of tin* 
external auditory jHissage is uaimd c&rumcn, audthc glands themselves 
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Sebaceous Glands. — Be^ideil the perspiration, the skin 


F^’n. ri5.* 


secretes a peculiar fattj^ matter, and 
for this purpose is provided witli 
another set of special organs, termed 
sebaceous glands (tig.. 1 1 5 ), which, like 
tlio sudoriparous glands, are abun- 
dantly distributed over most parts of 
the body. They are most numerous 
in •’parts largely supplit.*d with hair, 
fis the scalp and face, and are thickly 
distributed about the ontrauces of the 
vaidous passages into the body, as tlie 
;iijus, nose, lips, apd exterual ear. 
Tliey are (mtirely absent from the 
palmar surface of the hands and the 
plantar surfaces of the feet. They 
are minutely lobulated glands, com- 
2)osed of an aggregate of small vesi- 
cles or sacculi filled with opa<|ue ' 
wliite su]>stanccs, like soft ointment. Minute capillary 
vessels oversjircad tliem ; and tlioir ducts, which have a 
bearded appearance, as if formed of rows of shells, oj)en 
either on the surface of the skin, close to a hair, or, whic h 
is more usual, directly into the follicle of the hair. In 
the latter case, there are generally two glands to each hair 

(% 1 1 5)- 



Structure of Hair and Nails. 

Hair . — A hair is produced by a peculiar growth and 


cfrnnvuwKs ; hut tlu>y do not iniioli diffor in structure I'roni the 

ordinary sudoriparous 0?nuds, 

^ Fig. 115. Sebaceous and sudoriparous glands of the skin (after 
(Tttrlt ) : — I, the thin cuticle ; 2, the ftutis ; 3, adipose tissue ; 4, a 
h^ir, ill its follicle 45) ; 6, Sebaceous gland, oprmiig into the follicle o( 
the hair by an efferent duct ; 7, the sudoiipuroits gland. 
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modification of the epidermis., Externally it is covered by 
a layer of fine scales closely imbricated, or overlapping- 
like th-b tiles of a house, but with the free edges turned 
upwards (fig. 1 16, a). It is called the cuticle of the hair. 
Beneath tliis is a much thicker layer of elongated horny 
cells, closely packed together so as to resemble a fibrous 
structure. This, very commonly, in the human suliject, 
occupies the whole of the inside of the hair ; but in some 


r/fj. J16.* 



cases there is left a small central space filled by a sub- 
stance called tlie medulla or pitA, composed of small collec- 
tions of irregularly shaped cells, containing fat- and pig- 
ment-granules. 

The follicle, in which tlie root of each' hair is contained, 
(fig. 1 17) forms a tubular depression from the surface of the 
skin, — descending into the subcutaneous fat, generally to 
a greater depth than the sudoriparous glands, and at 
its deepest part enlarging in a bulbous form, and often 
curving from its previous rectilinear course. It is lined 
throughout by cells of epithelium, continuous wdth those 
of ' the ei)idermi8, and its walls are formed of pellucid 
membrane, which commonly, in the follicles of the largest 
hairs, has tlie structure' of vascular fibro-eellular tissue. 
At the bottom of the follicle is a: small papilla, or projec- 
tion of true skin, and it is by the production and out- 

* Fig. h6. a, surface of a wliito hair, magnified 160 diameters. The 
wave lines mark the upper or free edges of the dorticid scales. J?, 
separated sedes, magnified 350 diameters (after Kfilllker). 
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growth of epidermal cells frorp the surface of this papilla 
that the hair is formed. The inner wall of the follicle is 


1 1 7-* Fig. n8.* 



* Fig. 1 1 7. Medium-sized hair in it.s follicle, raaguilicd 50 diameters 
U'toiii Kollikcr). «, stem out short j 6, root ; c, kuob ; rf, hair cuticle ; 
c, iuterual, and /, external root-sheath ; <7, h, dermic coat of follicle ; 
i, papilla ; h, }c, ducts o^scbaeeous glands ; I, corium ; m, raucous layer 
e.f epidermis ; 0, upper limit' of internal root-sheath (from Kiilliker). 

t Fig. 1 18; Magiiitfed view of the ro«t of a hair (after Kohlrauseh). 
Ojt stem OP sh^ft of , hair cut across ; &, inner, and c, outer layer of the 
epiderrnalliningof the hair-follicle, called also the inner and outer root- 
sheath ; d, dermal or external coat of the huir-follicie, shown in part, 
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lined by epidermal cells continuous with those covering the 
general surface of tlie skin ; as if indeed the follicle had 
been formkl by a simple thrusting in of the surface of the 
integument (figs. 117, 1 18). This epidermal lining of the 
hair-follicle, or root-sheath of the hair, is composed of two 
layers, the inner one of which is so moulded on the 
imbricated scaly cuticle of the hair, that its inner surfacje 
becomes imbricated also, but of course in the opposite 
direction. When a hair is pulled out, the inner layer of 
the root-sheath and part of the outer layer also are com- 
monly pulled out with it. 

Nails . — A nail, like a hair, is a peculiar arrangement 
of epidermal cells,^the undermost of which, like those of 
the general surface of the integument, are rounded or 
elongated, while the superficial are flattened, and of more 
horny consistenoo. That specially modified portion of the 
eorium, or true skin, by which the nail is secreted, is called 
the matrix. 

The back edge of the nail, or the roqt as it is termed, is 
received into a shallow crescentic groove in the matrix, 
while the front part is free, and projects beyond the ex- 
tremity of the digit. The intermediate portion of the nail 
rests by its broad under snrface on the front part of the 
matrix, which is here called the bed of the nail. This part 
of the matrix is not unifoimly smooth on th§ surface, but 
is raised in the form of longitudinal and nearly parallel 
ridges pr , laminae, on which are moulded the epidermal 
cells of which the nail is made up (fig. 119)* 

The growth of the nail, like that of a hair, or of the 
epidermis generally, is effected by a constant production of 
cells from beneath and behind, to take the place of those 
which are worn or cut away. Inasmuch, however, as the 

i 

e, imbricato<l scales about to fornj a cortical layer on the siirface of the 
hair. The adjjicent cuticle of the root-sheath is hot . represented, and 
the papilla is hidden in the l^wer part of the knob wAereifcliat is repre- 
sented lighteii 
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additions ^ be- 
niade to it, 


posterior edge of the nail, fre^ its being lodged in a gi’oove 

of the skin, cannot 
, grow backwards, 
on 
ing 

so easily as it 
can pass in the 


opposite direc- 
tion, any growtli 
at its hinder 
part pushes the 
wiiole forwards. 
^At the same time 
fresh cells are 
added to its un- 
der surface, and 
thus each portion 
of the nail be- 
t join os gradually thicker as it moves to the front, until, 
projecting beyond the surface of the matrix, it can receive 
no fresh addition from beneath, and is simply moved for- 
wards by the growth at its root, to be at last worn away or 
cut off. 



a 


• Excretion by the Shin. 

The skin, as already stated, is the seat of a two-fold 
excretion ; of that formed by the sebaceous glands and hair- 
follicles, and of the more watery fluid, the sweat or perspira- 
tion. eliminated by the sudoriparous glands. 

The secretion of the sebaceous glands and hair-follicles 


Fif' . 1 19. Vertical transverse section through a small portion of the 
nail aud matrix hugely magnifunl (after Kttllikcr). 

4, C' 0 vittm of the nail-bed, raised into ridges or lamiiiaj of, fitting in 
coiTc.«pondyiglamin£t h, of tSio nail, -B, Malpighian, and O', 
homy layer ^ nwl : tf, deepest and vertical cells ; e, upper flattened 
Oelfc of Malpighian layer. 
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(for their products cannot he Separated) consists of cast-off 
epithelium- cells, with nuclei and granules, together with 
an oily matter, extractive matter, and stearin ; in certain 
parts, also, it is mixed with a peculiar odorous principle, 
which is said hy Br. Fischer to contain ca^)roic, butyric, 
and rutic acids. It is, perhaps, nearly similar in composi- 
tion to the unctuous coating, or vernix caseosa, which is 
formed on the body of the foetus while in the uterus, and 
which contains large quantities both of olein and margarin 
(J. Davy). Its purpose seems to be that 'of keeping the 
skin moist and supple, and, by its oily nature, of both 
hindering the evaporation from the surface, .and guarding 
the skin from the Effects of the long-continued action of 
njbisture. But while it thus serves local purposes, its 
removal from the body entitles it to be reckoned among 
the excretions of the skin ; though the share it has in the 
purifying of the blood cannot be discerned. 

The fluid secreted by the sudoriparous glands is usually 
formed so gradually, that the watery portion of it escapes 
l>y evaporation as fast as it reaches the surface. But, 
during strong exercise, exposure to great external warmth, 
in some diseases, and when evaporation is prevented by the 
application of oiled sillv or plaster, the secretion becomes 
more sensible and collects on the skin in the fegrn of drops 
n)f fluid. A good analysis of the secretion of these glands, 
uiimixed with other fluids secreted from the skin, can 
scarcely be made ; for the quantity that can be collected 
pure is very small. Krause in a few drops from the palm 
of the hand, found an acid reaction, oily matter, and mar- 
garin, with water. 

The perspiration of the skin, as the term is sometimes 
employed in physiology, includes all thiyt portion of the 
secretions and exudations from the skin which passes off by 
evaporation ; the sweat includes that which may be collected 
only in drops of fluid on surface of the skin. The two 
terms are, how ever, most often used synonymously ; and 
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'foi distincfion, the former it called immsible par^ltfttibn : 
thii latter,. perspiration. The fluids are. flie same, 
eic^pt that sweat is commonly mingled w^th various 
substances lying on the surface of the skin, contents 

of the sweat are, in part, matters capable « laming <he 
form of vapour, such as carbonic aci^ and in 
part, other matters which are deposited ^ok thd ekin, and 
i^ixed with the sebaceous secretion. Thenard collected the 
perspiration in a flannel ^Slirt which had been washediii^j/i; 
distilled water, and found in it chloride of sodium, a(?etic 
ac!id, some phosphate of soda, traces of phosphate of lime, and 
oxide of iron, .together with an Animal substance. In sweaty 
which had run from the forehead in drbps, Berzelius found 
lactic acid, chloride of sodium, and chloride of ammoniitm, 
Anselmino placed his arm in a glass cylinder, and closed 
the opening around it with oiled silk, taking care that the 
arm touched the glass at no point. The cutaneous exhala* 
tion collected on the interior of the glass, and ran down as. 
a fluid : on analysing this, he found water, acetate of 
ammonia, and carbonic acid ; and in the ashes of the dried 
residue of sweat he found carbonate, sulphate, and phos- 
phate of soda, and some potash, with chloride of sodium, 
phosphate and e;irbbnate of lime, and traces of oxide of iron. 
Urea has also been shown to be an ordinary constituent of 
tfhe finid of perspiration. i , 

The ordinary constituents of perspiration, may, therefore, 


according to (Jorup-Besaner, be . thus summed up : water, 
fat,* acetic, butyric formic acid, urea, and salts. The 
principei 'salts are the ^ of sodium and 

with, in small quantity, alkaline, and e^J^^hos- 
sulpha and, lastly, some oxide ^of ‘ Of 
%ese siibstan none, however, need particular 

carbohic'acid and'water. 

.skin 
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with' & mouth-piece. The. bag being .closed by a strong 
l)and alove, and the mouth-piece adjusted an^d gummed to 
the skin around the mouth, he was weighed, aud then re- 
mained quiet for several hours, after which time he was 
again weighed. The difference in the two weights indi- 
cated the amdtint of loss by pulmonary exhalation. Having 
taken off the air-tight dress, he was immediately weighed 
again, and a fourth time after a certain interval. The 
difference between the two weights last ascertained gave 
the amount of the cutaneous and pulmonary exhalation 
together ; by subtracting from this the loss by pulmonary 
’ exhalation alone, while he was in the air-tight dress, ho 
ascertained the afiiount of cutaneous transpiration. The 
repetition of these experiments during a long period, 
showed that, during a state of rest, the average loss by 
cutaneous and pulmonary exhalation in a minute, is from 
seventeen to eighteen grains, — the minimum eleven grains, 
the maximum thirty-two grains ; and that of the eighteen 
grains, eleven pass off by the skin, ancf seven by the lungs. 
The maximum loss by exhalation, .cutaneous and pulmo- 
nary, in twenty-four hours, is about 3|lb. ; the minimum 
about I Jib. Valentin found the whole quantity lost by 
exhalation from the cutaneous and respiratory surfaces of 
, a healthy man who consumed daily 40,000 grains of food 
and drink, to be 19,000 grains, or lb. Subtracting 
from t&is, for the pulmpnary exhalation, 5,000 grains, 
and, for the excess of the weight of the exhaled carbonic 
acid over that of the equal volume of the inspired oxygen, 
2,256 .grains, the remainder, 11,744 grains, or nearly 
141b., may represent an average amount of cutaneous 
exhalation in the day/i . , ; 

The large quantity of watery vapour thus exhajed^i^rifw 
the skin, wiU prove that the amount excreted by.|imple 
transudation thq outlcle must be |l we 

may.ta^ ^ inches 

for ^ 
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glands ; for not more than about 3,365 grains could be 
evaporated %om such a surface in twenty-four hours, 
under tlie ordinary circumstances in which the surface of 
the skin is placed. This estimate is not an improbable 
one, N for it , agrees very closely with that of Milne-Ed wards, 
who calculated that when the temperature of the atmo- 
sphere is not above 68^ F., the glandular secretion of th (3 
skin contributes only Jth to the total sum of cutaneous 
exlialation. * 

The quantity of watery vapour lost by transpiration, is 
of course influenced by all external circumstances which 
aflect the exhiflation from other evaporating surfaces, sucli 
as the temperature, the liygrometric state, and the stillness 
of the atmosjiliere. But, of the variations to which it is 
subject under the influence of these conditions, no calcula- 
tion has been exactly made. 

Neither, until recently, has there been any estimate of 
tlie quantity of carbolic acid exhaled by the skin on an 
average, or in various circumstances. Kegnault and Ileiset 
attempted to supply this defect, and concluded, from some 
careful experiments, that the quantity of carbonic acid 
exhaled from tlie skin of a warm-blooded animal is about 
-j^'^th of that f;imi8hed by the jmlmonary respiration. Dr. 
Edward Smith’s calculation is somewhat less than this. 
The cutaneous exhalation is most abundant in lower 
clashes of animals, more particularly the naked Am- 
phibia, as frogs and toads, whose skin is thin and moist, 
and readily permits an interchange of gases between the 
blood circulating in it and the, surrounding atmosphere. 
Bischoff found that, after the lungs of frogs had been tied 
and cut out, about a quarter of a cubic inch of carbonic 
acid gas was exhaled by the skin in eight hours. And ' 
this quantity is very large, when it is remembered that a 
full-siaod frop generate only about half a cubic inch of, 
,4«^bonio acid by his lungs and skin togethei* in six hours ' 
^ 3(Miliie-Edwards and Miiller), That the respiratory func* 
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tioxi of the skin is, perhaps, eFen more considerable iiv^^the 
higher animals than appears to be the case from the ex- 
periments of Regnault and Reiset just alluded to, seemed 
probable by the fact observed by Magendie and others, 
that if the skin of animals is covered with an impermeable 
varnish, or the body enclosed, all but the head, in a 
caoutchouc dress, animals soon die, as if asphyxiated; 
their heart and lungs being gorged Avith blood, and their' 
temperatures, during life, gradually falling many dcgrc^es, 
and sometimes as much as 36^" F. below tbo ordinary 
standard (Magendie). Some recent experiments of Lashke- 
witzch appear, however, to confirm the opinion of Valentin, 
tliat loss of tempoiature is the immediate cause of deatli in 
these cases. A varnished animal is said to have sulfered 
no harm when surrounded by cotton wadding, but it died 
when the wadding was removed. 

Absorption by the skin has been already mentioned, as an 
instance in which that process is most actively accom- 
plished. Metallic preparations rubbod into the skin have 
the same action as when given internally, only in a less 
degree. Mercury applied in this manner exerts its specific 
iufiuenee upon syphilis, and excites salivation ; potassio- 
tartrato of antimony may excite vomiting, or an eruption 
extending over the whole body ; and arsenic may produce 
poisonous effects. Vegetable matters, also, if soluble, or 
already in solution, give rise to their peculiar effects, as 
cathartics, narcotics, and the like, when rubbed into the 
skin. The effect of rubbing is probdbly to convey the 
particles of the matter into the orifices of the glands 
whence they are more readily absorbed tlian they would 
be through the epidermis, When simply left in contact 
with the skin, substances, unless in a fluid state, are seldom 

absorbed. * 

It has long been a conteiited question whether the skin 
crovered with the epidermis has the power of absorbing 
w ater ; and it is a point the more difficult to determine 
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because tbe stin loses watel* by evaporation. Hut, from 
the result of many experiments, it may now be regarded 
as a well-ascertained fact that such absorption really occurs. 
M.-Edwards has proved that the absorption of water by 
the surface of the body may take place in the lower 
animals very rapidly. Not only frogs, which have a thin 
skin, but lizards, in which the cuticle is thicker than in 
man, after having lost weight by being kept for some 
time in a dry atmosphere, were found to recover both their 
weiglit and plumpness very rapidly when immersed in 
water. When merely the tail, posterior extremities, and 
posterior part of the body of the lizard were immersed, the 
water absorbed was distributed tlirou'^hout the system. 
And a like absorption tlirough the skin, though to a less 
extent, may take place also in man. 

Dr, Madden^ having ascertained the loss of weight, by 
cutaneous and pulmonary transpiration, that occurred 
during half an hour in the air, entered the bath^ and 
remained immersed during the same period of time, breath- 
ing through a tube which communicated with the air 
exterior to the room. He was then carefully dried and 
again weighed. Twelve experiments were performed in 
this manner ; and in ten there was a gain [of weiglit, 
varying froiA 2 scruples to 5 drachms and 4 scruples, or a 
mean gain of I drachm 2 scruples and 13 grains. The 
loss in the air during the same length of time (half an 
hour) varied in ten experiments from 2^ drachms to 
I ounce 2^ scruples, or in the mean was about drachms. 
80 that, admitting the supposition that the cutaneous 
transpiration was entirely suspended, and estimating the 
loss by pulmonary exhalation at 3 drachms, there was, in 
these ten experiments of Dr. Madden, an average absorp- 
tion of 4 drachms,* i scruple, and 3 grains, by the surface 
of the body, dijring half an hour. In four experiments 
performed by^M. Berthold, the gain in weight was greater 
than in those of Dr. Madden. 
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In severe cases of dysphag^ia, when not even fluids (san 
he taken into the stomach, immersion in a bath of warm 
water or of milk and water may assuage the thirst ; and it 
lias been found in such cases that the weight of the body 
is increased by the immersion. Sailors also, when destitute 
of fresh water, find their urgent thirst allayed by soakbig 
their clothes in salt water and wearing them in that state ; 
but tliese effects may be in jiart due to the hindrance to 
the evaporation of water from the skin. • 

The absorption, also, of different kinds of gas by the 
skin is proved by the experiments of Abernethy, Cruik- 
sliauk, Heddoos, and others. In these cases, of course, 
tlie absorbed ga«^s combine with the fluids, and lose the 
gaseous form. Several ph3'siologists have observed an 
absorption of nitrogen by the skin. Beddoes says, that he 
saw the arm of a negro become pale for a short time when 
immersed in chlorine ; and Abernethy observed that when 
he held his hands In oxygen, nitrogen, carbonic acid, and 
other gases contained in jars, over maroury, the volume of 
the gases became cjonsiderably diminished. 

The share which the evaporation from the skin has in 
the maintenance of the uniform temperature of the body, 
and the necessary adaptation thereto of the production of 
lieat, have been already mentioned (p. 239).^'^ 
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Fig. 120.* 


Tlllfl KIDlTEYS AHirn THETK SEC RTCTrOX. 

Structure of the Kidneys. 

The kidney is covered on the outside by a ratJier tough 
fibrous capsule, which is slightly attached by its inner sur- 
face t(r the proper substance of the organ by means of very 
fine fibres of areolar tissue and minute blood-vessels. 
I'Vom the healthy kidney, therefore, it may be easity torn 
ofi‘ without injury to the subjacent cortical portion of the 

organ. fA.t the hiltiR or 
notch of the kidney, it 
. becomes continuous with 
the external coat of the 
upper and dilated part of 
the ureter. 

On making a section 
length-wise through the 
kidney (fig. l2o) tiio main 
I)art of its substance is 
seen to be composed of 
two chief portions, called 
respectively the cortical 
and the medullary portion, 
the latter being also sQine- 
times called iiko pyrat^idal 
portion, from the fact of its being composed of about a 



* Fig. 120. Plan of a longitudinal section llirough the pelvi-s and 
iiuhstaiice of the right kniiiey, 4 ; the cortical substance ; h, 6 , broad 
part of the pyramids ,of Malpighi; c, c, tlio divisions of the pelvis 
named calyooij, laid open ; one of those unopened ; summit of the 
pyramids iori>apill» jjrojecting into calyces ; section of the narrow 
jmrt of two pyramids near the calyces ; p, pelvis or enlarged divisions of 
the Ureter within the kidney; w, the ureter ; s, the sinus ; 7 ^, the hilus. 
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dozen conical, bundles of ufine-tubes, eaoli bundle bein{j 
called a pyramid. The upper part of tlio duct of the 
organ, or the ureter, is dilated into what is called 
of the kidney; and this, again, after separating into two 
or three principal divisions, is finally subdivided into still 
smaller portions, varying in number from about 8 to 12, 
or even more, and called calyces. Each of these little 
calyces or cups, again, receives the pointed extremity or 
papilla of a pyramid. Sometimes, however, more than one 
papilla is received by a calyx. 

The kidney is a gland of the class called tubular, and 
both its cortical and medullary portions are t;om posed 
essentially of secreting tubes, the Udmll nriuifcri, which 
by one extremity, in tlie cortical 
portion, end commonly in little 
saccules containing blood -ves-* 
scls, culled* Malpiyliiau bodies, 
and by the other open through 
into the pelvis of the 
kidney, and thus discharge tho 
urine wliich flows through them. 

• , In the pyramids they are 
(Jliiefly straiglit — dividing and 
diverging as they ascend through 
these into the cortical portion; 
while in the latter region they 
spread out more irregularly, and 
becotne much branched and convoluted. 

The tubuli uriniferi (fig. 1 2 1.) are composed of a nearly 
homogeneous membrane,^ lined internally by spheroidal 
epithelium, and for the greater part of their extent are 
about -jpi-o of an inch in diameter, — ^becoming somewhat 

* * I 

* Fig. 121. A. Portion of a secreting canal ffom the cortical siib- 
staiico of the kidney. B. The ppitheliuni or gland- fells, more highly 
magnified (700 times), 
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larger than this immediately feefore they open . through the 
Fig. 122.* papillie. On tracing these tu- 

bules upwards from the papillm, 
they are found to divide dicho- 
tomously as they ascend through 
the pyramids, and on reaching 
the bases of the latter, they 
begin to bran(*h and -diverge 
more widely, and to form by 
their branches and convolutions 
the essential part of the cortical 
j)ortion of the organ. At their 
extremities tlioy become dilated 
into the Malpighian capsules. 
Until recently, it was believed 
that the straight tubules in the 
pyramids branch out and be- 
come convoluted immediately on 
reaching the bases of the pyra- 
mids j but between the straight 
tubes in the pyramids and the 
convoluted tubes in the cortical 
portion, there has been shown to 
be a sj'stem of tubules of smaller diameter than either, 
which form intercommunications between the two varieties 
f(;rmerly recognised. These intervening tubules, called the 
looped tubes of Henle, arising from the straight tubes in 

* Fig. 122 , Diagram of the looped uriniferous tubes and their con- 
nection witli the capsules of the glomeruli (fVom Southey, after Ludwig). 
1 n the lower part of the figure one of the large branching tubes is shown 
opening on a papilla ; the middle part two of the looped small tubes 
are seen desot tiding to form their looqp, and re-ascending in the medul- 
lary substfincf’.; whilb iu the upper or cortical part, these tubes, after 
some eiilargemenf, are represented, as beedmiu convoluted and dilated 
iu the capsules of glomeruli, ^ 
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Rome part of their course, oi* being* continued from their 
extremities at the bases of the pyramids, pass down loop- 
wise in the pyramids for a longer or shorter distance, and 
then, again turning up, end in the convoluted tubes whose 
extremities are dilated into the Malpighian cajisales boforo 
referred to (fig. 122). On a transverse section of a pyramid 
(fig. 123), these looped tubes are seen to bo of miub 
smaller calibre than the straight ones, which are passing 
down to open through the papilhe. 

The Malpighian hudies are found only in the curtical part 
of the kidney. On a section of the organ, some of them 
are jtist visible to the naked eye as minute red points ; 
others are too \small to be thus seen. Their average 
diameter is about -j of an in(?h. Kucji of them is com- 
posed of the dilated extremity of an urinary tube, or 
Malpighian capsule, enclosing a tuft of blood-vessels. 

In connection 
with these little 
bodies the general 
distribution of 
blood-vessels to 
the kidney may be 
Jicre considered. 

The renal ar- 
tery divides into 
several branches, 
which, passing in 
at the hilus of 
tlie kidney, and 
covered by a fine 
sheatli of areolar 
tissue derived from the capsule, enter the substance of the 

* Fig. 123. Transverse sectioa^of a renal papilla (from Kolliker) 
a, larger tubes or papillary ducts ; 5 , smaller tubes of Henlo ; c, blood- 
vessels, distinguished by their Hatter epithelium ; d, nuclei of *1110 
stroma. 
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organ chiefly in the interval^ between the papilla', and 
penetrate the cortical substance, where this dips down be- 
tween the bases of the pyramids. Here they form a 
tolerably dense plexus of an arched form, and from this 
are given off smaller arteries which ultimately siipxdy tlie 

The small afferent artery (fig, 
124), which enters the Malpi- 
ghian body d)y perforating the 
copsulej breaks up in tlie interior 
into a dense and convoluted ,and 
looped capillaiy phtxus, which is 
ultimately gathered up again 
into a single small efferent vessel, 
comparable to a minute vein, 
\\hich leaves the Malpighian 
capsule just by the point at 
which the afleront artery enters it. On leaving, it does 
not immediately join'othor small veins as might have been 
expected, but again breaking up into a netwoi'k of capil- 
lary vessels, is distributed on the exterior of the tubule, 
from whose dilated end it had just emerged. After this 
second breaking up it is finally collected into a small vein, 
which, by union uith others like it, helps to form the 
radicles of the renal vein. 

I'he Malpighian capsule is lined by a layer of fine squa- 
mous epithelial cells ; hut whether the small glomerulus 
or tuft of capillaries in tlie interior is covered by a similar 
layer is uncertain. Kolliker believes that such a covering, 

* Fij;. 124. Diagram showing the relation of tlie Malpigliian body 
to the uriniferous ducts and blood-vessels (after Bowman) : at, one ol‘ 
the inU'iiobulnr arteries ; a\ alleront artery passing into the glomerulus; 
c, capsule of the Malpighian body, foijning the termination of and con- 
tinuous witli t, the uHiiilerous tube ; (?', e\ efferent vessels wliich siib- 
divklc in the plexiis p, surrounding the tube, and finally terminate in 
Uie branch of the renal vein e. 


Malpigliian bodies. 
Fhj. 124.* 
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although exceedingly thin, i% present, and has delineated 
the appearance in the accompanying diagram (fig. 125). 

Besides the small afferent arteries of the Malpigliiau 
bodies, there are, of course, 
others which are distri- 
buted in the ordinary 
manner, for nutrition’s 
sake, to the different parts 
of the organ; and in the 
pyramids, between the 
tubes, tliere are numerous 
straiglit vessels, the vasa 
recta, 6 upi) 09 ed ^by some 
observers to be branches 
of vam efferentia from 
Malpighian bodies, and 
tlierefore comparable to the 
venous plexus around tlie tubules in the cortical portion, 
while others think that they arise* directly from small 
branches of the renal arteries. 

Between the tubes, vessels, etc., 'which make up the 
main substance of the kidney, there exists in small cpiantity 
a line matrix of areolar tissue. 

The nerves of the kidney are derived from tlio renal 
2)lexu8.f 



* Fig. 125. SeTnidiagrammatic rqircscntutioa of a Malpighian body 
ill its relation to the iiriiiiferuna tube (from Kolliker) a, capsnlo 
of the Malpigliism body ; d, eyitheliuin of the iiriiiiferous tube ; e. dc- 
taohed epithelium ; /, afferent vessel ; g, eircrciit vessel ; h, convoluted 
vi'ssols of the glomerulus. ' 

t For a more dctiiiled account of the structure of the kidney and a 
summary of the various opinions on the subject, the student may bo 
referred especially to Quaiu’s ^tiiatoiny, 7 tli eii, and to a paper by 
Dr. Reginald Southey in vol. i. of the St. Bartliolomew^s Ilosjiital 
Reports. 



446 THE KIDNEYS AND THEIR SECRETION. 


Sf'cretioii of Urine, 

The separation from the blood of the solids in a state 
of solution in the urino is probably effected, like other 
secretions, by the ag^en^j)f Jlm.^la^^ and equally 
in all parts of the uriuo-tubes. The^urea and uric acid, 
and peAiax^s sdine of the other constituents existing ready 
formed in the blood, may need only separation, tliat is 
they may pass from the blood to the urine without further 
elaboration ; but this is not the case witli some of the 
other j)rinciples of the urine, such as the acid phosj^hates 
and the sulphates, for these salts do not exist as such in 
the blood, and must be formed by the chemical agency of 
the cells. 

The icatenj part of the urine is probably in part sepa- 
rated by the same structures that secrete the solids, but 
the ingenious suggestion of Mr. Bowman that the water 
of tlie urine is mainly strained off, so to speak, by the 
Malpighian bodies, ft om the blood which circulates in their 
capillary tufts, is exceedingly probable ; although if, as 
Kolliker and others maintain, there is an ex)ithelial cover- 
ing to these tufts or glomeruli, it is very likely that the 
solids of the ui’ine may be in part secreted here also. We 
may, therefore, conclude that all p>arts jof the., tubular 
system of the kidney tako ,.p.art ..itt.iJbi0 
urine as a whole, but that there is a provision also in the ' 
arrangement of the vessels in the Malpighian bodies for a 
more simple draining off of water from the blood when 
required. 

The large size of the renal arteries and veins permits so 
rapid a transit of the blood through the kidneys, that the 
whole of the blood is imrifled by them. The secretion of 
urine is rapid in comparison with other secretions, and as 
each portion ii sepreted, it propels that which is already in 
tliq tubes onw<|^s into the pelvis of the kidney. Thence 
through the ureter the urine passes into the bladder^ into 
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which its rate and mode, of Entrance has been watched in 
cases of ectopia vesicse, i.e., of such fissures in the anterior 
and lower part of the walls of the abdomen, and of the 
front wall of the bladder, as exposed to view its hinder wall 
together with the orifices of the ureters. Some good 
observations on such cases were made by Air. Krichson. 
The urine does not cnfer the bladder at any reguftr rate, 
^ nor is there a synchronism in its movement through tho 
two ureters. 'During fasting, two or three drops enter *the 
bladder every minute, each drop as it enters first raising 
up the little papilla on \vhich, in these -cases, the ureter 
opens, and then passing slowly through its orifice, whicli 
at once again (d^ses like a sphincter. In tho recumbent 
posture, the urine collects tor a little time in the ureters, 
then flows gently, and, if tho body bo raised, runs from 
them in a stream till they are empty. Its flow is increased 
in deep inspirfition, or straining, and in active exercise, and 
in fifteen or twenty minutes after a meal. 

The same observations, also, sboVed how fust ’some 
substances pass from the stomach through the circulation, 
and through the vessels of the kidneys. Ferrocyanide of 
potassium so passed on one occasion in a minute : vegetable 
substances, such as - rhubarb, oexjupied from sixteen to 
thirty-five minutes ; neutral alkaline salts with vegetable 
acids, which were geikerally decomposed in transitu, made 
the urine alkaline in from twenty-eight to forty-seven 
minutes. But the times of passage varied much ; and the 
transit was always slow when the substances were taken 
during digestion. 

The urine collecting in, the urinary bladder i s prev ented 
froigjCfig]iu::gitaj;i9U into tlm ureters Jby ihe mode- in which 
thes e pass through, the walls of the bladder,, namely, by 
their lyin g for between half and three-quarters of an inch 
between the muscular and Mucous coats^and then turning 
rather . abruptly forward^^^ and opening thfough tho latter, 
it collecta„ till the disteusiou of the bladder is felt either 
by dii^cfc eenaation, or, in ordinary casea, by a transferred 
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Hensation at and near the orifice of the urethra. Then, the 
(‘ffort of the will being directed primarily to the muscles of 
the abdomen, and through them (by reason of its tendency 
to act with them) to the urinary bladder, the latter, 
though its muscular walls are -really composed of invo- 
luntary muscle, contracts, and expels the urine. (See also 
p. 223t. 


* llic Ui'iiie : its general Properties, 

Healthy urine is a clear limpid fluid, of a pale yellow or 
umber (jolour, with a i)eculiar faint aromatic odour, which 
becoim^s pungent and ammoniacal when decomposition 
takes jdace. The urine, though usually**" clear and trans- 
parent at first, (jften becomes as it cools o pacpi e and 
turbid from the deposition of part of its constituents pre- 
viously held ill solution ; and this may be Consistent with 
iiealtli, though it is only in disease that, in the tempera- 
ture of 98 "" or I OO^ at which it is voided, the urine is 
turbid even when fh'st expelled. Althougli ordinarily of 
pale amber colour, yet, consistently with health, the urine 
may be nearly colourless, or of a brownish or deep orange 
tint, and, between these extremes, it may present every 
shade of cedour. 

When secreted, and most commonly when first voided, 
the urine has a distinctly aclcLj^eaction in man and aU car- 
nivorous animals, and it thus remains till it is neutralized 
or made alkaline by the ammonia developed in it by 
decomposition. In most herb ivorou s animals, on the con- 
traiy% the urine is al kal ine and tiirbid. The difference 
depends, not on any peculiarity iu the mode of seoretion, 
but on the differences in the food on which the two classes 
subsist : for when carnivorous animals, such as dogs, are 
restricted to a vegetable diet, their urine becomes /pale, 
turbhi, and alkaline, like that an herbivorous animal, 
resumes its former acidity on the return to an animal 
diet ; while the urine voided by herbivorous animals, e, g , 
rabbits, fed fvr some time exclusively upon animal sub- 
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stances, presents the acid reaction and other qualities of 
the urine of Carnivora, its ordinary alkalinity, being re- 
stored only on the substitution of a vegetable for the animal 
diet (Bernard). Human , urine is not usually rendered 
alkaline by vegetable diet, but it becomes so after the free 
use of alkaline medicines, or of the alkaline salts with car- 
bonic or vegetable acids ; for these latter are changfd into 
alkaline carbonates previous to elimination by the kidneys. 
Except in these cases, it is very rarely alkaline, unhites 
ammonia has been developed in it by decomposition com- 
mencing before it is evacuated from the bhidder. 

The average specific gravity of the human urine is about 
1020. Probably ^j.o other animal fluid presents so many 
varieties in density within twenty-four hours as the urine 
does; for the relative quantity of water and of solid 
constituents of which it is composed is materially influ- 
enced by the condition and occupation of the body during 
the time at which it is secreted, by the length of time 
which has elapsed since tho last meal, and by several 
other accidental (jircumstances. The existence of these 
causes of difference in the composition of the urine has 
led to tho secretion being described under the three 
heads of urina sanguinis, urina potus, and urina cihi. The 
first of these names signifies the urine, or that part of it 
which is secreted from the blood at times in which neither 
food nor drink has been recently taken, and is applied 
especially to tho urine which is evacuated in the morning 
before breakfast. The urina potus indicates the urine 
secreted shortly after the introduction of any considerable 
quantity of fluid into the body : and the urina cihi the por- 
tions secreted during the period immediately succeeding a 
meal of solid food. The last kind contains a larger quantity 
of solid matter than either of the othbrs; the first or 
second, being largely diluted«*with water, jj^ossesses a com- 
paratively low specific gravity. Of these th^e kinds, the 
morning urine is the best calculated for analysis, since it 
represents fhe simple secretion unmbted with the elements 
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of food or drink ; if it be not used, the whole of the urine 
passed during a period of twenty-four hours should be 
taken. In accordance with the various circumstances 
above-mentioned, the specific gravity of the urine may, 
consistently with health, range widely on both sides of 
the usual average. The average healthy range may 
be stdted at from IO15 in the winter to 1025 in the 
summer, and variations of diet and exercise may make as 
gfeat a difference.* In disease, the variation may be 
greater; sometimes descending, in albuminuria, to 1004, 
and frequently ascending in diabetes, when the urine is 
loaded with sugar, to 1050, or even to 1060. 

The whole quantity of urine secret^l in twenty-four 
hours is subject to variation according to the amount of 
fluid drunk, and the proportion of the latter passing ofl' 
from the skin, lungs, and alimentary canal. It. is because 
the secretion of the skin is more active in summer than in 
winter, that the quantity of urine is smaller, and its 
specific gravity proportionately higher. On taking the 
mean of numerous observations by several experimenters, 
Dr. Parkes found that the average quantity voided in 
twenty -four hours by healthy male adults from twenty to 
forty years of age, amounted to 52^ fluid ounces. 

Chemical Composition of the Urine, 

The urine consists of water, holding in solution certain 
animal and saline matters as its ordinary constituents, ^and 
occasionally various matters taken into the stomach as 
food — salts, colouring matter, and the like. The quan- 
tities of the several natural and constant ingredients of 
the uri^e are stated somewhat differently by the different 
chemists who have analysed it ; but many of the differences 
^ not important, and the well-known accuracy of the 
/Several chemists renders it alipost immaterial which of the 
analyses is ^opted. The analysis by A. Becquerel being 
adopted by Dr. Prout, and by Dr. Golding Bird, will be 
‘ here employed. (Table!.) 
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Table II. has been compile from the observations of 
Dr. Parkes, and of numerous other authors (quoted in his 
admirable work on the urine. 

Ta-bIiE I. 

Average qiiantitg of each constituent of the Urine in 
1000 parts. 


Water 
Urea 

Uric acid 

Colouring matter 

Mucus, and aiiiiual e.^tractivti matter 

j Siilidiates | 

j , I Lime 

: Bi.pkosphatos ! 

, ( Ammonia | 

i Iffin,; 

; Hippuratc of soda 
Fluoride of potassium 
Silica 




iusejrarablc from 


each otlier 


Salts 


967- 
14 230 
•4tiS 
10*167 


8'I35 


traces. 


1000 'OOP 

Table II. 

Average quantity of the chief constituents of the Urine excreted 
. in 24 hours by healthy male adults. 

Water . . . . . . . . 52' fluid ounces. 

Urea 512*4 grains. 

Uric acid . . . . . , , . 8*5 ,, 

Hippuric acid, uncertain, probably 10 to 15* ,, 


Sulphuric acid . 
Phosphoric acid . 
Ohlorino . 

Chloride of Ammonium 
Potash 

Soda .... 

Lime 

Magnesia 

Mucus 

/ Creatin 


Extractives 


( Cre^tinin 
Pigment 
Xanthin ' ^ 
Hypoxanthiri 1 
Resinous matter, 
etc. / 


3111 

45* 
105 *0 
35*25 

58* 

125* 

3*5 


1^40 
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From these proportions, howerer, most of the consti- 
tuents are, even in health, liable to variations. Especially 
the ivater is so. Its variations in different seasons, knd 
according to the quantity of drink and exercise, have 
already been mentioned. It is also liable to be influenced 
by the condition of the nervous system, being sometimes 
greatly increased in hysteria, and some other nervous 
aflections ; and at other times diminished. In some 
diseases it is enorntously increased ; and its increase may 
be either attended with an augmented quantity of solid 
matter, as in ordinary diabetes, or may be nearly the sole 
change, as in the affection termed diabetes insipidus, ' >'In 
other diseases, the various forms o^ albuminuria, the 
quantity may be considerably diminished. A febrile^ con- 
dition almost always diminishes the quantity of water; 
and a like diminution is caused by any affection which 
draws oft* a large quantity of fluid from the body through 
any other channel than that of the kidneys, e.g,, the bowels 
and tlie skin. '' 

Urea . — Urea is the prin- 
cipal solid constituent of the 
urine, forming ^nearly^^^oite- 
lialf of the whole quantity of 
solid matter. It is also the 
most important ingredient, 
since it is the chief substance 
by which the nitrogen of de- 
composed tissue and super- 
fluous food is excreted from 
the body. For its removal, 
the secretion of urine seems 
especially provided ; and by its retention in the blood the 
most pernicious Effects are produced. 

Urea, like the other solid constituents of the urine, 



Fig. 126. Crystal^of urea. 
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exists in a state of solution; But it may be procured in 
the solid state, and then appears in the form of delicate 
silvery acicular crystals, which, under the microscope, 
appear as four-sided prisms (fig. 126). It is obtaiued in 
this state by evaporating urine carefully to the consistence 
of honey, acting on the inspissated mass with four parts 
of alcohol, then evaporating the alcoholic solution, and 
purifying the residue by repeated solution in water or 
alcohol, and finally allowing it to crystallise. It readily 
combipes with an acid, like a weak base ; and may thus be 
conveniently procured in the form of a nitrate, by adding 
about half a drachm of pure nitric acid to double that 
quantity of urine in a watch glass. The crystals of nitrate 
of urea are formed more rapidly if the urine have been 
previously concentrated by evaporation. 

Urea is colourless when pure ; when impure, yellow or 
brown : without smell, and of a cooling, nitre-like taste ; 
has neither an acid nor an alkaline re-action, and deli- 
quesces in a moist and warm atmosphere. At 59° b’. it 
requires for its solution less than its weight of water ; it is 
dissolved in all proportions by boiling water ; but it re- 
quires five times its weight of cold alcohol for its solution. 
At 248“ F. it melts without undergoing decomposition ; at 
a still higher temperature ebullition takes place, and car- 
bonate of ammonia sublimes; the melting mass* gradually 
acquires a pulpy consistence ; and, if the heat is carefully 
regulated, leaves a grey-white powder, cyanic acid. 

Urea is id^tti^ieal in oqmposUiQn.witX.5^^ amma- 
pjia, and was first artificially produced by Wohler from this 
substance. Thu6 : — 

Cyanate of Ammonia. Urea. 

^ CHNO. H3N == CH*NaO. 

The action of heat upon urea in evofving carbonate of 
ammonia, and leaving cyanic acid, is thus explained. A 
similar decomposition of the urea with development ^ of 
carbonate of ammonia spontaneously when urine is 
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kept for some days after bein^^ voided, and explains the 
atamoniacal odour then evolved. It is probable, that this 
spontaneous decomposition is accelerated by the mucus and 
other animal matters in the urine, which, by becoming 
X)Utrid, act the part of a ferment and excite a change of 
composition in the surrounding compounds. It is chiefly 
thus that the urea is sometimes decomposed before it 
leaves the bladder, when the mucous membrane is diseased, 
and the mucus soareted by it is both more abundant and, 
probably, more prone than usual to become putrid. The 
same occurs also in some aflbctions of the nervous system, 
particularly in paraplegia. 

The quantity of urea excreted is, like that of the iju:ine 
itself, subject to considerable variation. It is materially 
influenced by diet, being greater when animal food is 
exclusively uiSed, less when the diet is mixed, and least of 
all with a vegetable diet. As a rule, men excrete a larger 
quantity than women, and persons in the middle periods of 
life a larger quantity than infants or old people (Lecanu). 
The quantity of urea does not necessarily increase and 
decrease with that of the urine, though on the whole it 
would seem tlvat whenever the amount of urine is much 
augmented, the quantity of urea also is usually increased 
(iiecquerul) ; and it appears from observations of Genth, 
that the quantity of urea, as of urine, may be especially 
increased by drinking large quantities of water. In various 
diseases, as albuminuria, the quantity is reduced consider- 
ably l>elow the healthy standard, while in other affection^ 
it is above it. 

The urea appears to be derived from two different sources. 
That it is derived in part^jfi^p' th unassimilated elements 
of^nitrogenous food, circulating with the blood, lit 'shown 
in the increase which ensues on substituting an animal or 
highly nitrogenous for a vegetq^ diet ; in the much larger 
amount, liearjy 'double, excreted by Carnivora than Her- 

ora, iod^endent of exercise ; and in its diminution to 
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about one-Half daring starvjation, or'during the exclusion 
of non -nitrogenous principles of food. But that it is in 
larger part derived from the disintegration of the azotized 
an ima l tissues, is shown by the -fact that it continues to be 
excreted, {Sough in smaller quantity than usual, when all 
nitrogenous substances are strictly excluded from the food, 
as when the diet consists for several days of sugar, starch, 
gum, oil, and similar non-azotized vegetable * substances 
(Lehmann). It is excreted also, even though no foo(^ at 
all be taken for a considerable time ; thus it is found in 
the urine of reptiles which have fasted for months ; and 
in the urine of a madman, wlio had fasted eighteen days, 
Lassaigne foun<]^ both urea and all the. components of 
liealthy urine. Probably all the nitrogenous tissues fur- 
nish a share of urea by their decomposition. 

^ It has been commonly taken for granted that the quan- 
tity of urea in the urine is greatly increased by active 
exercise; but numerous observers have failed to detect 
more than a slight increase under, such circumstances; 
and our notions concerning the relation of this excretory 
product to the destruction of muscular fibre, consequent 
on the exercise of the latter, have lately undergone con- 
siderable modification. There is no doubt, of course, that 
like all parts of the body, the muscles have but a limited 
term of existence, and are being constantly renewed, at 
the same time that a part of the i)roducts of their disin- 
tegration appears in the urine in the form of urea. But the 
waste is not so fast as it has been frequently supposed to 
be; and the theory that the amount of work done by 
the muscle is expressed by the quantity of urea excreted 
in the urine, and that each act of contraction corresponds 
to ah. equivalent waste of muscle-structure, is founded on 
error. (See also chapter on Motion.) • 

Urea e xists ready-formed in the blood,^ and is simpjy 
abstracted therefrom by the kidneys, {t may be detected 
in small quantity in the blood, and in some other parts of 
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the body, e,g,, (Millon), even while 

the functions of the kidneys axe unimpaired : but when 
from any cause, especially extensive disease or extirpation 
of the kidneys, the separation of urine is imperfect, the 
urea is found largely in th6 blood and in most other fluids 
of the body. 

Uric Acid, — ^This, which is another nitrogenous animal 

substance, with the for- 
mula CgN^H.Og, and was 
formerly termed lithic acid, 
on account of its existence 
in many forms of urinary 
calculi, ir. rarely absent 
from the urine of man or 
animals, though in the 
feline tribe it seems to 
be""%oraetimes entirely re- 
placed by urea (G. Bird). 
Its proportionate quantity 
varies considerably in different animals. In man, and 
Mammalia generally, especially the Herbivora, it is com- 
jiaratively small. In the whole tribe of birds and of 
serpents, on the other hand, the quantity is very large, 
greatly exceeding that of the urea. In the urine of grani- 
vorous birds, indeed, urea is rarely if ever found, its place 
being entirely supplied by uric acid. The quantity of uric 
HcidJ like that of urea, in human urine, is increased by the 
use of animal food, and decreased by the use of food free 
from nitrogen, or by an exclusively vegetable diet. In 
most febrile diseases, and in plethora, it is formed in 
unnaturally large quantities ; and in gout it is deposited 
in, and in the tissues around, joints, in the form of urate, 
of soda, of which the so-called chalk-stones of this disease 
are* principally composed. ^ 



127. Yarioua forms of uric acid crystals. 
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The condition in wliich uric acid exists in solution in the 
urine has formed the subject of some discussion, because 
of its difficult solubility in water. 

According to Liebig the uric acid exists as urate of soda, 
produced, he supposes, by the uric acid, as soon as it is 
formed, combining with part of the base of the alkaline 
phosphate of soda of the blood. Ilippuric acid, which 
exists in human urine also, he believes, acts upon the 
alkaline phosphate in the same way, and increases s^U 
more the quantity of acid phosphate, on the presence of 
which it is probable that a part of the natural acidity of 
the urine depends. It is scarcely possible to say whether 
the union of uritg acid with the base sodd and probably 
ammonia, takes place in the blood, or in the act of secre- 
tion in the kidney : the latter is thb more probable 
opinion ; but the quantity of either uric acid or urates in 
the blood is probably small to allow of this question 
being solved* 

The sourc e of unc acid is probably in the disintegrated 
elenaents of albuminous tissues. The relation which uric 
acid and urea bear to each other is, however, still obscure. 
The fact that they often exist together in the same urine, 
makes it seem probable that they have different origins or 
different offices to perform; but the entire replacement of 
either by the other, as of urea by unc acid in the urine of 
birds, serpents, and many insects, and of uric acid by urea, 
in the urine of the feline tribe of Mammalia, shows that 
each alone may discharge all the important functions of 
the two. 

Owing to its existence in combination in healthy urine, 
uric acid for examination 'must generally be precipitated 
from its bases by a stronger acid. Frequently, however, 
when excreted in excess, it is deposited in a crystalline 
form (fig. 127), mixed witl^ large quantities of urate of 
ammonia or soda (fig. 130). In such cas^s it may be 
procured for microscopiij' examination, by gently warming 
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the portion of urine oontaining the sediment ; this dissolves 
urate of ammonia and soda, while the comparatively in- 
soluble crystals of uric acid subside to the bottom. 

The most common form in which uric acid is deposited 
in urine, is that of a brownish or yellowish powdery su}>- 
Btance, consisting of granules of urate of ammonia or soda. 
When deposited in crystals, it is most frequently in 
rliombic or diamond-shaped laminm, but other forms are 
not uncommon (fig. 127).% When deposited from urine, 
the crystals are generally more or less deeply coloured, 
by being combined with the colouring principles of the 
urine. 

Firf. 128.* Hippuricf Acid has ,long 

been kijLO\m to exist in the 
urine of herbivorous animals 
in combination with soda. 
Liebig has shown that it also 
exists naturally in the urine 
of man, in quantity equal to 
the uric acid, and Weismann’s 
observations agree with this. 
It is a nitrogenous compound 
with the formula Cj^HyNOg . 
It is closely allied to benzoic 
acid ; and this substance when introduced into the system, 
is excreted by the kidneys as hippuric acid (Ure). Its 
source is not satisfactorily determined: in part it is pro- 
bably derived from some constituents of vegetable dieti 
though man has no hippuric acid in his food, 
monly, any benzoic acid that might be converted ; 

in part from the natural disintegration of tissuesi^f inde- 
pendent of vegetable food, for .Weismanh constantly found 
an appreciable quantity, even when living on an tedusively 
animal diet. ' . 



Fig. 128. Crystals of hippuric acid* 
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The nature and composition of the colouring matter of 
urine are involved in some obscurity. It is probably closely 
related to the colouring matter of the blood. 

The mucm in the urine con- 
sists principally of the epi- 
thelial debris of the mucous 
surface of the urinaiy pas- 
sages. Particles of epithe- 
lium, in greater or less abun- 
dance, maybe detected in most 
samples of urine, especially if 
it has remained at rest for 
some time, anc\ the lower 
strata are then examined (fig. 

129). As urine cools, the 
mucus is sometimes seen suspended in it as a delicate opaque 
cloud, but generally it falls. In inflammatory affections of 
the urinary passages, especially of the bladder, mucus in 
large quantities is poured forth, and* speedily undergoes 
decomposition. The presence of the decomposing mucus 
excites (as already stated) chemical changes in the urea, 
whereby ammonia, or carbonate of ammonia, is formed, 
which, combining with the excess of acid in the super- 
phosphates in the urine, produces insoluble neutral or 
alkaline phosphates of lime and magnesia,- and phosphate 
of ammonia and magnesia. These, mixing with the mucus, 
constitute the peculiar white, viscid,^ mortar-like substance 
wliich collects upon the mucous surface of the bladder, and 
is often passed with the urine, forming a thick, tenacious 
sediment. 

Besides mucus and colouring matter, urine contains a 
considerable quantity of animal matter, usually described 
under the obscure name of animal eontralttive. The investi- 
gations of Liebig, Heintz,, and others, have shown that 

— 'I'C " * — — - 

* Fig. 129. Mucuti debited from urine. 
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some of this ill-defined substance consists of Creatin and 
Creatinin, two crystallizable substances derived, probably, 
from the 'metamorphosis of muscular tissue. These sub- 
stances appear to be intermediate between the proper 
elements of the muscles, and, perhaps, of other azotized 
tissues and urea : the first products of the disintegrating^ 
tissues probably consisting not of urea, but of Creatin and 
Creatinin, which subsequently aro partly resolved into 
urea, partly discharged,* without change, in the urine. 
The names of some other substances of which there are 
commonly traces in the urine, will be found in Table II., 
p. 451. It has been shown by Scherer that much of the 
substance classed as extractive matter of the urine, is the 
peculiar colouring matter, probably derived from the 
hsTimo-globin of the blood. 

Saline Matter . — ^'fhe sulphuric acid in the urine is com- 
bined chiefly or entirely with soda and potash : forming 
salts which are taken in very spiall quantity with tlie food, 
and are scarcely found in other fluids or tissues of the 
body ; for the sulphates commonly enumerated among the 
constituents of the ashes of the tissues and fluids are, for 
the most part or entirely, produced by the changes that 
take place in the burning. Dr. Parkes, indeed, considers 
that only about one-tliird of tlie sulphuric acid found in 
the urine is derived directly from the food. .Hence the 
greater part of the sulphuric acid which the sulphates in 
the mine contain, must be formed in the blood, or in the 
act of secretion of urine ; the sulphur of which the acid is 
formed, being ^" probably derived from the decomposing 
nitrogenous tissues, the other elements of which are re* 
solved into urea and uric acid. It may be in part derived 
also, as I>r. Parkes observes, from the sulphur-holding 
taurin and cystin'^hich can be found in the liver, lungs, 
and othel* parta of the body^ but not generally in the 
excretions ; ari 4 vi^hich, therefore, must be‘ broken up. The 
oxj^en is supplied through the lungs, and the heat gene* 



ALKALINE AND EARTHY PHOSrHATES. 46 1 


rated during combination with the sulphur, is ono of the 
subordinate means by which the animal temperature is 
maintained. 

Besides the sulphur in these salts, some also appears to 
be in the urine, uncombined with oxygen ; for after all the 
sulphates have been removed from ux*ine, sulphuric acid 
may be formed by drying and burning it with nitre. Mr. 
llonalds believes that from three to five grains of sulj)hur 
are thhs daily excreted. The combination in which* it 
exists is certain : possibly it is in some com2)Ound 
analogous to cystin or cystic oxide (p, 462). 

The phosphoric acid in the urine is combined partly with 
the alkalies, partly with the alkaline eai'ths* — about four or 
five times as much with the former as with the latter. In 
blood, saliva, and other alkaline fluids 6f the body, phos- 
phates exist in the form of alkaline, or neutral acid salts. 
In the urine they are acid salts, viz., the ixhosjxhates of 
sodium, » ammonium, calcium and magnesium, the excess 
of acid being, according to Liebig, duetto the appropriation* 
of the alkali with which the phosphoric acid in the blood 
is combined, by^the several new acids which are formed or 
discharged at the kidneys, namely, the uric, hippuric, and 
sulphuric acids, all of which he BU2)poses to be neutralized 
with soda. 

The presence of the acid phosphates accounts, in great 
measure, or, according to *Liebig, entirely, for the acidity 
of the urine. The phosphates are taken largely in both 
vegetable and animal food ; some thus taken, are excreted 
at once ; others, after being transformed and incorporated 
with the tissues. Phosphate of calcium forms the principal 
earthy constituent of bone, and ftom^ the decomposition of 
the osseous tissue the urine derives a large quantity of this 
salt. The decomposition of other tissues also, but espe- 
cially oi th|^ brain and nqrve-substance, furnishes large 
supplies of phosphorus to th^ urine, wh&h ^phosphorus is 
supposed, like the sulphur, to be united wi& oxygen, a!nd 
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then combined with bases. This quantity is, however, 

liable to*^ considerable vari- 
ation. Any undue exercise of 
the mind, and all circ^im- 
stances producing nervous 
exhaustion, increase it. The 
earthy phosphates are more 
abundant after meals, whe- 
ther on animal or vegetable 

food, and are diminished after 
long fasting. The alkaline 
phosphates are increased after 
animal foo^i diminished after 
vegetable food. Exercise increases the alkaline, but not, 
the earthy phosphates (Bence Jones). Phosphorus uncom- 
bined with oxygen appears, like sulphur, to be excreted in 
the urine (Ronalds). When the urine undergoes alkaline 
fermentation, phosphates are deposited in the form of an 
Airinary sediment consisting chiefly of phosphate of ammonia 
and magnesia (triple phosphate) (fig. 130). This compound 
does not, as such, exidt in healthy urine. The ammonia is 
chiefly or wholly derived from the decomposition of urea 
(p- 453 )- 

The chlorine of the urine occurs chiefly in combination 
with sodium, but slightly also with ammonium, and, 
perhaps, potassium. As the chlorides exist largely in 
food, and in most of the animal fluids, their occurrence in 
the urine is easily understood. 

Cystin (fig. 132) is an occassional constituent of urine. It 
resembles taurin in containing a large quantify of sulphur — 
more than 25 per cent. It does not exist in healthy urine. 

Another common morbid constituent of the urine is 



* Fig. 130. Urbafyigediment of triple phosphates (large prismatic 
cry^ls) and •of >^monia, from urine which had undergone 
alkaline fementation. • < 
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oxalic acid, which is frequently deposited in combination 
Fig. 131.* Fig. I32.t 



with lime (fig. 1 31) as an urinary sediment. Like cystin, 
but much more commonly, it is the cliief constituent of 
certain calculi. 


A small quantity of gas is naturally present in the urine 
in a state of solution. It consists chiefly of carbonic acid 
and nitrogen. * 


CHAPTER XVI. 

* 

THE NEHVOirS SYSTEM. 

The nervous system consists of two portions or systems, 
the cerehro-spinal and the sympathetic or ganglionic^ each of 
which (though they have many things in common) pos- 
sesses certain peculiarities in structure, mode of action, and 
range of influence. 

The cerehro-spinal system includes the brain and spinal 
cord, with the nerves proceeding from them, and the several 
ganglia seated upon these nerves, or foiling part of the 


♦ Fig. ,131. CryfltaLsi.|Of oxalate of lito<4 
t J’ig. 132. Crystals of cystin. 
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substance of the brain. It was denominated by Bichdt 
the nervous system of animal life; includes all the 
nervous org^ans in and through are performed the 

several functions with which the mind is more immediately 
connected, namely, those relating to sensation and volition, 
and the mental acts connected with sensible things. 

The sympathetic or ganyllonic X)ortion of the nervous sys- 
tem, which Bichat named the nervous system of organic^ 
life, consists essentially of a chain of ganglia connected 
by nervous cords, which extend from the cranium to the 
j)elvis, along eaclx side of the vertebral column, and from 
which, nerves with ganglia proceed to the viscera in the 
thoracic, abdominal, and pelvic cavities. By its distribu- 
tion, as well as by its peculiar mode of action, this system 
is less immediately connected with the mind, either as con- 
ducting sensations or the impulses of the will ; it is more 
closely connected than the cerebro -spinal system is with 
the processes of organic life. 

The differences, <^however, between these two systems, 
are not essential : their actions differ in degree and object 
more than in kind or mode. 

Elementary Structures of the Nervous System. 

The organs of the nervous system or i^steras are com- 
posed essentially of two kinds of structure, vesicular and ! 
fibi*ou8 ; both of which appear essential to the construction 
of even the simplest nervous system. The vesicular 

* The tcmi organic is often used in connection with a function, 
such as dif^estion or secretion, which belongs to all organised beings 
alike ; while the term animal function, or ammal life, is need in con- 
nection with such qualities as volition or motion, which seem altogether 
or in great part to belong only to animals. The terms which have been 
thus used in this general way, are often loosely applied to special 
tissues. * Thus organic nerve-iibres are those which are distributed 
especially to orguils^ concerned in i^e discharge of the functions of 
organic^ as distinguished from animal life ; and the term is still more 
commonly applied to one kind of muscular fibre. 
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structure is usually collected in masses, and mingled with 
the fibrous structtiie, as in the brain, spinal cord, and the 
several ganglia ; and these masses constitute what are 
termed nerve-centres , being the organs in whuih it is sup- 
]>08ed that nervous force may be generated, and in which 
are accomplished all the various refioctions and other 
modes of disposing of impressions when they are not simply 
(Conducted along nerve-fibres. The fibrous nerve-substance, 
besides entering into the composition of the nervous centres, 
forms alone the nerves, or cords of communication, which 
(ionnect the various nervous centres, and are distributed in 
the several parts of the body, for the purpose of conveying 
nervous force to Miem, pr of transmitting to the nervous 
centres the impressions made by stimuli. 

Along the nerve-fibres impressions or conditions of ex- 
citement are simply conducted : in the nervous centres tliey 
may be made to deviate from their direct course, and be 

variously dilfused, rofiocted, or otherwise disposed of. 

» 

Nerves are constructed of minute fibres or tubules full of 
nervous matter, arranged in parallel or interlacing bundles, 
which bundles ai’e connected by intervening connective 
tissue, in which their principal blood-vessels ramify. A 
layer of tlie areolar, or of strong fibrous tissue, also sur- 
l^ounds the whole nerve, and forms a sheath or neurilemma 
for it. In most nerves, two kinds of fibres are mingled ; 
those of one kind being most numerous in, and charac- 
teristic of, nerves of tlie cerebro-spinal system ; those of 
the other, most numerous in nerves of the sympathetic 
system. 

The fibres of the first kind appear to consist of tubules ’ 
of a pellucid simple membrane, within which is contained 
the proper nerve substance, consisting of transparent oil- 
like, and appsirefitly homogeneous, material, which gives 
to each fibre the appearance of a fine glassHuibe filkd with 
a clear transparent fluid (fig. 133. a). This simplicity of 

u u 
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composition is, however, only apparent in the fibres of 
a perfectly fresh nerve; for, shortly ^ after death, they 
undergo changes which make it probable that their con- 
tents are composed of two different materials. The internal 
or central i)art, occupying the axis of the tube, becomes 
greyish, while tlie outer, or cortical portion, becomes 
opaque and dimly granular' or grumous, as if from a kind 
of coagulation. At the same time, the fine outline of the 
previously transparent ^cylindrical tube is exchanged for va 
dark double contour ;(fig. 133, n), tlie outer line being 
formed by tlie sheath of the fibre, the inner by the margin 
of curdled or coagulated medullary substance. The gra- 
nular inateriti^. shortly collects 
into little masses, which distend 
portions of the tubular mem- 
brane, while the intermediate 
spaces collapse, giving tlie fibres 
a varicose, or beaded appearance 
(fig. 133, c and ij), instead of the 
previous cylindrical form.* 

The clifiorcnce produced in the 
contents of the nerve-fibres when 
exposed to the same couditioi;i8, 
has, with other facts, led to the 
opinion now generally adopted, 
that the central part or axis- 
cylinder of each nerve-fibre differs 
from the outer portion. The 
outer portion is usually called the medullary or white 



* Fig. 133. Primitive nerve-tubules, a, A perfectly frc«h tiibnle 
•vvitli II single dark o*utliue. b. A tubule or fibre with a double contour 
tVom commencing post-mortem change, c. The changes farther ad- 
vancud, producinj'% varicose Jor bomlcd appoaraiice. D. A tubule of 
fil)re, tine c cntritl part of which, in cfmsequonee of still further changes, 
iias accumidaicd in separate portions within the sheath (after Wagner). 
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Huhatmice of Scliwann, being that to which the peculiar 
white aspect of cercbro-spinal nerves is principally due. 
The whole contents of the nervo-tubules appear t(» bo ex- 
tremely soft, for when subjected to pressure tlioy readily 
pass from one part of the tubular sheath to aiiotlier, 
and often causo a bulging at the side of the moiiiliraue. 
I'liey also readily escape, on pressure, ironi tlie (ex- 
tremities of the tubule, in the form of a gruuious or 
granular matoriiiL 

That there is an essential dilibrence in chemical com- 
position between the central and circumfereniial parls ol‘ 
the norve-fibro, between the axis-cylindor and the 

medullary sheath, Mias of late been clearly shown by Messrs. 
Lister and Turner. Their observations, founded on Mr, 
I./Ockhart Clarke’s method of investigating nervous sub- 
stance by means of chromic acid and carmine, have shown 
?that the axi8-C3’liu(lor of the nerve-fibre is unaflbcted by 
cjliromic acid, but imbibes carmine with great facility, 
while the niodullary sheath is rendered 'opaque and bro\\'Ji 
and laininatod by chromic acid, but is entirely untiiigod 
'by the carmine. From this dilfjreiicc in their chemical 
behaviour, the central and cireiiiiiforeutial portions of 
tlie nerve-fibres are readily distinguished on inicrosc()2)i(; 
examination, tlio former being indicated by a bright red 
carmine-eoloured point, the latter by a pale ring surround- 
ing it. The laminatc^d characto of the * medullary sheath 
after treatment witli chromic acid is believed by Mr. 
Lockhart Clarke to be due to corrugations effected by 
the acid, and not to its having a fibrous structure, as 
uiaiutaihed by Stilling. 

The size of the nerve-fibres varies, and the same fibres 
do not preserve the same diameter through their whole 
length, being largest in their course within the trunks 
and branches of the nerves, iik which the niajority measure 
-from to of an incli in diameter. • As they ap- 
proach tho brain or spinal cord, and generally also in 

II u 2 
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llio tissues in which tlicy aro distributed, they gradually 
become smaller. In the grey or vesicular substance of the 
brain or spinal cord, they generally do not measure more 
than from i o J ito to an inch. 

The fibres of the second kind (fig. 134), which constitute 
the whole of the branches of the olfactory nerves, the prin- 
cipal part of the trunk and branches of the sympathetic 
nerves, mid aro mingled in various proportions in the 
cercbro-spinal nerves, differ from the preceding, chiefly in 
their fineness, being only about ^ or as large in their 
course within the trunks and branches of the nerves ; in 

134.* 


A t 



tlio, absence of the double contour.*; in their^ contents being 
ii^ipamitly uniform'; Undin their having, when in bundles, 
a ycllowdsh-grey hue instead of the whiteness of tho . 
ceiebro-spinal nerves. These peculiarities make it pro- 
bable that they differ from the other nerve-fibres in not 
possessing the outer layer of white or medullaiy nerve- 
substance ; and that their contents are comjiosed exclusively 


* Jin- *34- Ui*ey, ]ui]p, or golatiiums i)orve-fil>res (froai Max 
SohuUzoj, maguifiod hetween 400 and 500 diameters. A, from a 
braneU of tbo olfactory nerve of flie sheep ; a, two dark-bordered 
o;: wbi to fibres «fro*nr the fifth pair, associated with tho pule olfactory 
fibres. U, from tho sympathetic nerve. 
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of the substance corresponding with the central portionj or 
axis*cylinder of the larger fibres. Yet since inu,ny nerve- 
fibres maybe found which appear intermediate in character 
between these two kinds, and ’ since the large fibres, as 
they approach both their central and tlieir periplieral end, 
gradually diminish in size, and assume many of the other 
cliaractors of tlie fine fibres of the sympatlietic systoin, it 
is not necessary to suppose that there must bo a materinl 
difference in the office or mode of action of the two kinds 
of fibres. 

Every nerve-fibre in its course proceeds uninterruptedly 
from its' origin at a nervous centre to near its* destination, 


I35-* 



whether this be the periphery of the body, another nervous 
centre, or the same centre whence it issued. 


* Fig. 135. Small branch of a^ufscular nerve ^of the frog, near its 
lerminatinn, fdiowing divisions of the fibres, a* i^to two ; into 
three ; magnified 350 diameters (from Kblliker}. 
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Bundles, or fasciculi of fibres, run togetlier in the nerves, 
but merely lie in apposition with each other ; they do not 
unite : even when the fasciculi anastomose, there is no 
union of fibres, but only an irilerchange of fibres bet^eeri 
the anastomosing fasciculi. Although each nerve-fibre is 
thus single and undivided through nearly its whole course, 
yet as it approa(dies the region in which it terminates, 
individual fibres break up into several subdivisions (fig. 
135) before their final ending in the different fashions 
to be immediately described. The white or meduUated 
nervo-fibros (fig. 1 33), moreover, lose their medullary sheath 
or white substance of Schwann before their final distribu- 
tion, and ac<piire the characters more or Jjss of the pale or 
grey fibres (fig. 134). 

At certain parts of their course, nerves form plexuses, in 
which tliey anastomose with each other, and interchange 
fasciculi, as in the case of the brachial and lumbar plexuses. 
TJie o 1 )j('ct of such interchange of fibres is, probably, to 
give to each nerve' passing off from the plexus, a wider 
conn^clion with the spinal cord than it would have if it 
proceeded to its destination without such communication 
mth other nerves. Thus, each nerve by the wideness of 
its connections, is less dependent on the integrity of any 
single portion, whether of nerve-centre or of nerve-trunk, 
from which it may spring. By this means, also, each part 
supped from a plexus hos wider relations with the 
nerve-centres, and more extensive sympathies; and, by 
means of the same arrangement, as Dr. Gull suggests, 
groups of muscles may he associated for combined actions ; 
every meml)er of the group receiving motor filaments from 
the same parts of the nerve-centre. 

Tlie termhiathns nerve-fibreS are their modes 
of distribution %nd connection in the nerve-centres, 
and in the parts which th^ supply : the former ^re 
calleni their central, the latter their peripheral t^ai^i- 
naiions. 
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Tho peripheral termination of nervo-fibres has been ‘ 
always the subject of considerable discussion and doubt. 
The following appear to be the chief modes of ending of 
nerve-fibres in the parts they supply : — 

I. In fine networks or plexuses; examples of this are 
found in the distribution of nerves in muscles, and in 
mucous and serous membranes. 2. In special terminal 
organs, called touch-corpuscles (fig. 1 1 3), end-bulbs (fig. 1 1 4), 
and Pacinian bodies (figs. 1 36, 1 37). 3. In cells ; as in the e3'0 
and internal ear, and some other parts. 4. In free ends ; 
as from the fine^plexuses in muscles, according to Kolliker. 
5. In muscles, a peculiar termination of nerves in small 
bodies called memorial end-plates ^ has been described by 
liouget and others. These small bodies, var3dng from 
*rtrTn7 diameter, and 'placed by dificrent 

observers outside and inside the sarcolemma, are fixed to 
the muscular fibres, one for each, and to them the ex- 
tremity of a minute branch of nerve-fibro is attached. 
Ihese little plates appear to be formed of an expansion of 
the end of a nerve-fibre with a small cpiantity of con- 
nective tissue. 

The Pacinian bodies or corpuscles (figs. 136 and 137), to 
which reference lias been just made, are little elongated oval 
bodies, situated on some of the cerebro-si)inal and sympa- 
tlietic nerves, especially the cutaneous nerves of the hands 
and feet ; and on branches of tlie large sympatlietic plexus 
about tho abdominal aorta (Kolliker), They often occur 
also on the nerves of the mesentery, and are especially 
w^ell seen ih the mesentery of the cat. They are named 
Pacinian, after their discoverer Pacini. Each corpuscle is 
attached by a narrow pedicle to the nerve on which it is 
situated ; it is formed of several concentnc layers of fine 
membrane, with intervening spaces containing fluid; 
through its pedicle^ passes^ a single nerve-fibre, which, 
traversing the several concentric 'layers and their 
immediate spaces, enters a central cavity, and, gradually 
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losing its dark border, and becoming smaller, terminates 
at or near the distal end of the cavity, in a knob-like 
enlargement, or in a bifurcation. The enlargement com- 
monly found at the end of the fibre, is said by Pacini to 
resemble a ganglion-corpuscle; but this observation has 
136.* F!f/. 137. + 



not been confirmed. The physiological import of those 
bodies seems to be still quite obscure. 

The central termination of nerve-fibres can be better 
considered after the account of the vesicular nerve- 
substance. 


* Fig. 136. Extremities of a nerve of the finger witliTsieinian cor- 
puscles attached, abant the natural size (adapted from llenle and 
KijlUkcr). 

t Fig. 137. A magnified view of a Single Pacinian corpuscle, shoeing 
its laminated stMnefure, and the termination of the nerve-fibre in its 
central cavity (after Bendz). 
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The vesicular nervous substance contains, as its name 
implies, vesicles or corpuscles,- in addition to fibres ; and a 
structure, thus composed of corjiuscles and inter-coiumuni- 
cating fibres, usually constitutes a nerve-centre : tlie chief 
nerve-centres being the grey matter of tlie brain and 
spinal cord, and tlie various so-called ganglia. In the 
brain and spinal cord a fine stroma of retiform tissue 
called the neuroglia extends throughout both the fibrous 
Fifj. 13S.* Fif/. 139 1 



and vesicular nervous substance, 
and forms a supporting and 
investing frame- work for tlie 
whole. 

The neiue -corpuscles, which 
give to the ganglia and to 
certain parts of the brain 
and spinal cord the peculiar 
greyish or reddish-grey aspect by which these parts are 
characterized, are large, nucleated cells, filled with a finely 
granular material, some of which is often dark like iDig- 



* Fif'. 13S. Nerve-corpuscles form a ganglion (after Valentin). In 
one a second nucleus is visible. In several the nucleus, contains one 
or two nucleoli. * 

+ Fig. 139. Stellate or caudate nerve-corpnsrles, with tubular pro- 
cesses issuing from them. Besides being filled \^ith granular material 
continuous with the contents of the processes, thl^ wrpuscles cozitaiii 
black pigment-matter (after Hannover).. 
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jnent : the nudleus, whicli is vesicular, contains a nucleolus 
13^)* Besidlss varjung mucli in shape, partly in 
consequence of mutual pressure, they present such other 
Varieties as make it probable either that tliere arc two 
different kinds, or that, in the stages of their development, 
they pass tlirougli very different forms. Some of them are 
small, generally spherical or ovoid, and have a regular 
iminterrupted outline (fig. 138). These simple nerve-cor- 
puacles are most numerous in the sympathetic ganglia. 
-Otliers,. which are callei caudate or stellate nerve corpuscles 
(fig. 139), are larger, and have, one, two, or more long 
processes issuing from them, the cells being called respec- 
tively unipolar j bipolar^ or multipolar ; whidi processes often 
divide and subdivide, and appear tubular, and filled with 
the tiame kind of gfanular material that is contained within 
the corpuscle. Of these processes some appear to taper to 
a x)oiTit and terminate at a greater or less distance from 
the corpuscle ; some appear to anastomose with similar 
offsets from other corpuscles ; while qthers are believed to 
become continuous with nerve-fibres, the prolongation from 
the cell by degrees assuming the characters of the nerve- 
fibre with which it is continuous. 


Functions of Ne)iw~Fihres. 

The office of the nerves as simple conveyors or con- 
ductors of nervous impressions is of a two-fold kind. 
First, they serve to_(ipnyey ^ nervous centr^ the 
impressions made upon their peripheral extremities, or 
parts of their course. Secondly, they serve to transmit 
impression^ from the brain ^and other neiwous centres to 
parts to whiclu*the nerves are distributed. 

' r*or this two-fold office of the nerves, two distinct sets of 
nerve-fibres are provided, in both the cerebro-spinal ’tod 
symiiatheiic systems. Those which convey impressions^ 
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from the i)erii)hery to the centre are classed top^cther as 
centripetal or afferent nerves; Tliose fibres, on the other 
hand, which ai’e employed to transmit central impulsea 
to the periphery are classed as centrifugal or efferent 
nerves. 

Centripetal or afferent nerve-fibres may (a) convoy to 
the nerve-centres with whicli they are connected impres- 
sions which will give rise to sensation {sensitive nerves), or 
(h) they may convey an impression which travels ont again 
from tlie nerve-centre by an ellbrent nerve-fibre, and pro- 
duces some effect wlioro the fatter is distributed, (see 
Section on Ji^Jlesc Action), or (c) they may convey an im- 
pression whicli will produce a restraining or inhibitorg 
action in the nerve-centre, (iuhihitonj nerves, 131). 

Centrifugal or efferent neiwcs may be {a) for tlio con- 
veyance of impulses to the voluntary and involuntary 
muscles, {motor nerves,) or {b) they may influence nutrition 
{trophic nerves), (p. 388,) or {c) they may influence secre- 
tion (sometimes called secretory nerves) ^(p. 409). 

With this difference in tho functions of nerves, there is 
no apparent difference in tho structure of the nerve-fibres 
by which it might be oxidaincd. Among tho cerebro- 
spiuiil nerves, the fibres of the optic and auditory nerves 
are finer than those of the nerves of common sensation; 
but, with these exceptions, no centrii)etal fibres can be dis- 
tinguished in tlieir microscopic or general characters from 
those of centrifugal nerves. 

Nerve-fibres possess no power of generating force in 
themselves, or of originating impulses to action : for the 
manifestation of their peculiar endowments they require 
to be stimulated. They possess a certain property of (jon- 
ducting impressions,' a property which has been named 
excimbility ; but this is never manifested^ill some stimulus 
is applied. Thus, under ordinary circumstances, nerves of 
sensation are stimulated by external object^ acting upon 
their extremities ; and nerves of motion by the will, or 
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l)y some force generated in the nervous centres. But 
almost all things that can disturb the nerves jfrom their 
passive state act as stimuli, and agents the most dissimilar 
j)roduco the same kind, though not the same degree of 
effect, because that on wliicli they act possesses but one 
kind of excitable force. Thus all stimuli — chemical, 
mo(;hanical, and electric, — when applied to parts endowed 
with sensation, or to sensitive neiwes (the connection of the 
latter with the brain aiyi spinal cord being uninjured) pro- 
duce sensations ; and when applied to the nerves of muscles 
excite contractions. Muscular contraction is produced by 
such stimuli as well when the motor nerve is still in con- 
nection with the brain, as when its commveaication with the 
nervous centres is cut off by dividing it : nerves, therefore, 
liave, by virtue of their excitability, the property of exciting 
contractions in muscles to which they are distributed ; and 
the part of the divided motor nerve which is connected 
with the muscle will still retain this power, however much 
we may curtail it. ' 

Mechanical irritation, when so violent as to injure the 
texture of the primitive nerve-fibres, deprives the centri- 
petal nerves of their power of producing sensations when 
irritation is again applied at a point more distant from the 
brain than rhe injured spot; and in the same way, no 
iiritation of a motor nerve will excite contraction of the 
muscle to which it is distributed, if the nerve has been 
compressed and bruised between the point of irritation and 
the muscle ; the effect of such an injury being, the same as 
that of division. 

The action of nerves is also excited by temperature. Thus, 
when heat is applied to the nerve going to a muscle, or to 
the muscle itself, contractions are produced. These con- 
tractions are very* violent when the flame of a candle is 
applied to the nerve, while less elevated degrees of heat, 
— for exampli^, diat of a piece of iron merely warmed, — 
irritate sufliciently to excite action of the muscles. 
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The application of cold has the same effect as that of heat. 
The effocjt of the local actioif of excessive or long-continued 
cold or heat on the nerves is the same as that of destructive 
mechanical irritation. The sensitive and motor power in 
the part is destroyed, but the other parts of the nerve retain 
tlieir excitability; and, after the extremity of a divided 
nerve going to a muscle has been burnt, contractions of 
the muscle may be excited by irritating the nerve below 
the buriii; part. ' 

Chemical StimiiU excite the action of both afferent and 
efferent nerves as mechanical irritants do; provided their 
effect is not so strong as to destroy the structure of the 
nerve to which t^iey are apx)lied. A like manifestation of 
nervous power is produced by elevtncitjj and by 'magneliam. 

Some of these laws regulating the oxcitabilily of nerves, 
and their x>ower of manifesting tlieir functions, re<juir »3 
further notice, with several others which liave not yet been 
alluded to. Certain of the laws and conditions of atjtions 
relate to nerves both centrifugal and centripetal, being de- 
pendent on properties ('ommon to all nerve- ffbres ; while 
of others, some are peculiar to nerves of motion, some to 
nerves of sensation. 

It is a law of action in all nerve- libros, and corresponds 
with the continuity and simplicity of tlieir course, tliat an 
impression made on any fibre, is simply and uninterruptedly 
transmitted along it, without being im2)arted or diffused to 
tiny of the fibres lying near it. In other words, all nerve- 
fibres are mere conductors of impressions. Tlieir adaptation 
to this puriiose, is, perhaps, due to the contents of each 
fibre being completely isolated from those of adja(;ent 
fibres by the membrane or sheath in which each is enclosed, 
and which acts, it may he auiiposed, jinJt as silk, or other 
non-conductors of electricity do, which, when covering a 
yniQf prevent the electric condition of tlie ^ire from being- 
conducted into the surrounding medium. 
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Nervous force travels along nerve-fibres with considerable 
velocity. Helmholtz and Ilaxt have estimated tlio average 
rate of conduction of electrical impressions in human motor 
nerves at III feet per second : this result agreeing very 
closely with that previously obtained by Ilirscli. Dr. 
Rutherford's observations agree with those of Von Wittieh, 
that the rate of transmission in sensory neiFves is about 1 40 
feet peir soc’ond. 

•Nerve-fibres convey gnly one kind of impression. Thus, 

’ a motor fibre (;oiive3'S only motor impulses, that is, such as 
may produce movements in contractile parts : a sensitive 
fibre transmits none but such as may produce sensation, if 
they are propjigated to the brain. More(]*er, the fibres of 
a nerve of special sense; as the optic or auditory, convey 
only such impressions as may produce a peculiar sensation, 
e.(j.y that of light or sound. While the rays of light and 
the sonorous vibrations of the air are witliout iniiueiice on 
the nerves bf common sensation, the other stimuli, which 
may produce })ain Vlien applied to them, produce, when 
applied to these nerves of sp(icial sense, only morbid sensa- 
tions of light, ^ or sound, or taste, according to the nerve 
impressed. 

Of the laws of action peculiar to nerves of sensation and 
of motion respectively, many can be ascertained only by 
experiments on the roots of the nerves. For it is only at 
their origin that the nerves of sensation and of motion are 
distinct ; their filaments, shortly after their departure from 
the nervous centres, are mingled together, so^ that nearly 
all nerves, except those of the special senses, consist of 
both sensitive and motor filaments, and are hence termed 
mixed nerves. 

Nerves of sensation nppear able ta convey impressions 
only from the parts in wdiich tjiey are distributed, towards 
^ the nerve-centi-^ from which they arise, or to wl>ith they 
lend. Tlnis^when a sensitive nerve is divided, tind irrita- 
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tiou is applied to the end of the proximal portion, i.e., of 
the portion still connected with the iiervous cc‘iitre, sensa- 
tion is i)erceived, or a reflex action ensues ; hut, when the 
end of the distal portion of the divided nerve is irritated, 
no eifect appears. 

When an impression is made upon any pai t of the course 
of a sensitive neri^e, the mind may perceive it as if it were 
made not only upon the point to wJiich the stimulus is ap- 
plied, hut also upon all the points in which the fibres of the 
irritated uorvo arc distributed : in other words, the effect 
is the. same as if the. irritation w’ere applied to the parts 
sui)plied by the branches of the nerve. AVhen tJie wliolo 
trunk of the nexve is irritated, the sensation is felt at all 
the pai’ts which receive branches from it ; but ^^■]^en only 
individual i)ortion8 of the trunk are irrit’at(id, tlie sensation 
is perceived at those parts only Avhich are supplicKi by the 
several portions. Thus, if wo compress the ulnar nerve 
where it lies at the inner side of the elbow-joint, beliind 
the internal condyle, wo liave the sensation of pins and 
needles, ’’ or of a shock, in the parts to Avliich its fibre^s are 
distributed, namely, in the palm and back of the luiiid, 
and* in the fifth and nlnar half of the fourth linger. WJien 
stronger pressure is made, the sensations are felt in the 
fore-arm also ; atid if the mode and direction of tlic pres- 
sure be varied, the sensation is felt by turns in the fourth 
floger, in the fifth, and in the palm of the liand, or in the 
back of the hand, according as different fibres or fasciculi 
of fibres are more i)ressed u^jon than otliers. 

It is in accordance with this laAv, that when parts are 
deprived of sensibility by compression or division of the 
nerve supplying thorn, irritation of the portion of the nerve 
connected with the brain still excites sensations which are 
felt as if derived from the parts to wllich tiie peripheral 
extremities of the nerve-fljiires are distributed. Thus, 
there aife cases of paralysis in which the' limbs are totally 
insensible to external stimuli, yet are the |eat of must 
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violent pain, resulting apparently from irritation of the 
sound part of the trunk of the nerve still in connection 
with the brain, or from irritation of those parts of tlie 
nervous centre from which tlie sensitive nerve or nerves 
which supply tlie paralysed limbs originate. 

An illustration of tlie same law is also afforded by the 
cases in which division of a nerve for the cure of neural gi(^ 
X>aiu is found useless, and in which the pain continues or 
rdturiis, though portioss of the nerve be removed. In 
such cases, the disease is probably seated nearer the nervous 
centre tliun the part at which the division of the nerve is 
made, or it may be in the nervous centre itself. When the 
cause of the neuralgia is seated in the tnink of the nerve — 
for example, of tlve facial or infra-orbital nerve — division 
of the brfinches caii bo of no service ; for the stump remain- 
ing in connection with the brain, and containing all the 
fibres distributed in the brandies of the nerve to the skin, 
('ontinucs to i;ive rise, when irritated, to the same sensa- 
i ions as aro felt wlibn the peripheral parts themselves are 
affected. Division of a nerve prevents the possibility of 
external impressions on the ^cutaneous extremities of its 
fibre being felt; for tliese impressious can no longer be 
communicated to the brain : but the same sensations which 
were before produced b}’- external impressions may arise 
from internal causes. In the same way may be explained 
the fact, that when part of a limb has been removed by 
amputation^ the remaining portions of the nerves which 
ramifiod in it may give rise to sensations which thp mind 
refers to the lost part. When the stump and the divided 
nerves are inflamed, or pressed, the patient complains of 
pain felt as if in the part which lias been removed. W'hen 
the stump is healed, the sensations which we ai:e aceus- 
to have in 'a sound limb are still felt ; and tingling 
pains iu'c referred to the parts that are lost,, or to par- 
ticular portions •of them, as to single toes, to the sole of 
(the foot, to the dorsum of the foot, etc. 
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But (aa Volkmann shows) it must not be assumed, as it 
often has been, £rom these examples, that the mind has no 
X^ower of discriminating the very point in the length of any 
nerve-fibre to which an irritation is applied. Even in the 
instances referred to, the mind perceives the pressure of a 
nerve at the point of pressure, as well as in the seeming 
sensations derived from the extremities of the fibres : and 
in 8tumi)S, pain is felt in the stump, as well as, seemingly, 
in the parts removed. It is not quite certain whether thosfe 
sensations are perceived by the nerve-fibres which are on 
their way to be distributed elsewhere, or by the sentient 
extremities of nerves which are themselves distributed to 
the many trunks ^f the nerves, the iiervi nervorum. The 
latter is the more probable supposition. 

The habit of the mind to refer impressions received 
through the sensitive nerves to the parts from which im- 
Xiressions through those nerves are, or were, commonly 
received, is further exemplified when the relative j)osition 
of the peripjieral extremities of sensitive' nerves is changed 
artificially, as in the transposition of portions of skin. When 
in the restoration of a nose, a flaj) of skin is turned down 
from the forehead and made to unite with the stump of the 
nose, the new nose thus formed has, as long as the isthmus 
of skin by which it maintains its original connections re- 
mains undivided, the same sensations as if it were still on 
the forehead ; in other words, when the nose is touched, 
the patient feels the imx}ression as if it were made on the 
forehead. When the communication of the nervous fibres 
of the new nose with those of the forehead is cut off by 
division of the isthmus of skin, the sensations are no longer 
referred to the forehead ; the sensibility of the nose is at 
first absent, but is gradually developed. 

When, in a part of the body which receives two sensitive 
nerves, one is paralysed, the qther may or may not be in- 
adequate to maintain the sensibility of the entire part ; the 
extent to which the sensibiii^ is preserved corresponding 
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probably with the number of the fibres unaffected by the 
paralysis. Thus when the ulnar nerve, which supplies the 
fifth and a part of the fourth finger, is divided, the sensibility 
of those parts is not preserved through the medium of the 
branches which the ulnar derives from the median nerve ; 
but the fourth and fifth fingers are permanently deprived 
of sensibility. On tlie other hand, there are instances in 
which the trunk of the chief sensitive nerve supplied to a 
part having been divided, the sensibility of the part is 
still preserved by intercommunicating fibres from a neigh- 
bouring nerve-trunk. Thus, a case i6 related by Mr. 
Savory in which, after excision of a portion of the mus- 
culo-spiral nerve, the sensibility of stfine of the parts 
supplied by it, although impaired, %vas not altogether lost, 
probably on account of those fibres from the external 
cutaneous nerve which arc mingled with the radial branch 
t)f the musculo-spiral. One of tho uses of a nervous 
plexus (^p. 470) is here well illustrated. 

Several of tho laws of action in motor nerves correspond 
witli tho foregoing. Tluis, tho motor influence is propa- 
gated only in the direction of the fibres going to tho 
muscles ; by irritation of a motor nervo, contractions are 
excited in all the muscles supidied by the branches given 
off by the nervo below the point irritated, and in those 
muscles alone: the muscles supplied by the branches 
which come off from the nerve at a higher point than 
that irritated, are never directly excited to contraction. 
No contraction, for instance, is produced in the frontal 
muscle by irritating the branches of the facial nerve that 
ramify upon the face; because that muwle derives its 
motor nerves from the trunk of the facial previous to these'' 
brandies. So, again, because the isolation of motor nerve- 
is as complete as that of sensitive ones, .tiiie irri^tion 
a part o! the fibres of ihe motor nerve does not affect 
the motor power of the whole trunk, but ofily that of the 
portion to which the stimulus is applied. And it is from * 
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the same fact that, when a motor nerve enters a plexus 
and contrihutes with other nerves to the formation of a 
nervous trunk proceeding from the i)lexus, it does not 
impart motor power to the whole of that trunk, but only 
retains it isolated in the fibres which form its continuation 
in the branches of that trunk. 


Functions of Nerve-Centres, 

As already observed (p. 473), the term nerve-centre is 
applied to all those parts of the- nervous system which 
contain ganglion-Torpnscles, or vesicular nerve- substance, 
the brain, sx)inal cord, and the several ganglia which 
belong to the cerehro-spinal and the sympathetic systems. 
Each of these nervous centres has a proper range of 
functions, the extent of which boars a direct proportion to 
the number of nerve-fibres that connect it with the various 
organs of the body, and wdth other nervous centres ; but 
they all have certain general properties and modes of action 
common to them as nervous centres. 

It is generj^Jly regarded as the i)roperty of nervous 
centres that they originate the impulses by wdiich ihuscles 
may be excited to action, and by which the several functions 
of organic life may b^ maintained. Hence, they are often 
called sources or originators of nmyous powrer or force. But 
the instances in which these expressions can be used are 
very few, and, -strictly speaking, do not exist at all. The 
brain does not issue any force, except when itself im- 
pressed by some force from, within, or stimulated by an 
'Wpression from without; neither without such previous 
impressions do the other nerve-centres produce or issue* 
motor impulses. The intestinal ganglia, for example, do 
not give out the nervous force necessary to t)ie contraqtions 
of the intestines, except when they receive, 'thtougl^ their, 
" centripetal nerves, the stimuli m substances in the intestinal 

112 
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canal. So^ also, the spinal cord ; for a decapitated animal 
lies motionless so long as no irritation is applied to its 
centripetral nerves, though the moment they are touched 
movements ensue. 

The more certain and general o£B.ce of all the nervous 
centres is that of variously jli^Qsing and transferring ihe 
impressions that reach i^m through the several centri- 
petal nerve-fibres. In nerve-fibres, as already said, 
impressions are ovlf conducted in the simple isolated course 
of the fibre ; in all the nervous centres an impression may 
be not only conducted, but also communicated: in the 
brain alone it may be perceived. 

Conduction in or through nerve-centres May be thus simply 
illustrated. The food in a given portion of the intestines, 
acting as a stimulus, produces a certain impression on the 
nerves in the mucous membrane, which impression is 
conveyed through them to the adjacent ganglia of the 
sympathetic. In ordinary cases, the consequence of such 
an impression of the ganglia is the movement of the 
muscular coat of that and the adjacent part of the canal. 
But if irritant substances be mingled with the food, the 
sharper stimulus produces a stronger impression, and this 
is condiicied through the nearest ganglia to others more 
and more distant; and, &om all these, motor impulses 
issuing, excite a wide-extended and more forcible action 
of the ^intestines. Or even through all the sympathetic 
ganglia, the impression may be further conducted to the 
ganglia of the spinal nerves, and through them to the 
spinal cord, whence may issue motor impulses to the 
abdominal and other muscles, producing cramp. And yet 
jfurther, the same morbid impression may be conducted 
^through the spinal cord to the brain, where the mindr'may 
"perceive it. In the opposite direction, mental influence 
tnay be condticted from the» brain through a succession of 
.nervous ceiitre*s — the spinal cord and ganpia, and one or 
ganglia of th^ sympathetic — ^to produce the influence" 
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of the mind on the digestive and other organic functions. 
In short, in all cases in which the mind either has 
cognizance of, or exercises influence on, the processes 
carried on in any part supplied with sympathetic nerves, 
there must be a conduction of impressions through all the 
nervous centres between the brain and that part. It is 
probable that in this conduction through nervous centres^ 
the impression is not propagated throilgh uninterrupted" 
nerve-fibres, but is conveyed through successive nerve- 
vesicles and connecting nerve-filaments; and in some 
instances, and when the stimulus is exceedingly powerful, 
the conduction may bo effected as quickly as through con- 
tinuous nerve-fibPes, 

But instead of, or as well as, being conducted, impres- 
sions made on nervous centres may be communicated from 
the fibres that brought them, to .others ; and in this com- 
munication may be either transferred, diffused, or reflected. 

The transference of impressions may be illustrated by the 
pain in the knee, which is a common si^n of disease of the 
hip. In this case the impression made by the disease on the 
nerves of the hip-joiut is conveyed to the spinal cord; 
there it is transferred to the central ends or' connections of 
the nerve-fibres distributed about , the knee. Through these 
the transferred impression is conducted to the brain, and 
the mind, referring the sensation to the jpart from which it 
usually through these fibres receives impressions, feels as 
if the disease and the source of pain were in the knee. At 
the same time that it is transferred, the primary impression 
may be also conducted ; and in this case the pain is felt 
in both the hip and the knee. So, not unfrequeiltly, if 
one touches a small pimple, that may be seated in the 
trunk, 'U pain will be felt in as small a spot on the arm, or 
some other part of the trunk. And so, in* whatever part of 
the respiratory organs an ixsritation may be seated, the 
impression it produces is transferred to the nerves of the 
larynx ; and then the mind psroeives the peculiar sensation 
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of tickling in tlie glottis, which best, or almost alone, ex- 
cites the act of coughing. Or, again, when the sun*s liglit 
falls strongly on the eye, a tickling may be felt in the nose, 
exciting snee;5ing. In all these cases, the primary impres- 
sion may be conducted as well as transferred ; and in aU it 
is transferred to a certain set of nerves which generally ap- 
pear to bo in some purposive relation with the nerves first 
impressed., 

The dr^Hsionjor radiation of ivipressions is shown when 
an impression received at a nervous centre is diffused to 
many other fibres in tlio same centre, and produces sensa- 
tions extending far beyond, or in an indefinite area around, 
the part from which the primary impresfsion was derived. 
Hence, as in the former cases, result various kinds of what 
liavo been denominated sympathetic sensations. Some- 
times such sensations are referred to almost every part of 
the body: as in the shock and tingling of the skin i)ro- 
(luced by some startling noise. Sometimes only the parts 
immediately surrounding the point first irritated partici- 
pate in the effects of the irritation 5 thus, the aching of a 
tooth may be accompanied by pain in the adjoining teeth, 
and in all the surrounding parts of the face; the explana- 
tion of such a case being, that the irritation conveyed to the 
brain by the nerve-fibres of the diseased tooth is radiated 
to the central ends of adjoining fibres, and that the mind 
perceives this secondary impression as if it were derived 
from the peripheral ends of the fibres. Thus, also the 
pain of a calculus in the ureter is diffused far and wide. 

All the preceding examples represent impressions com- 
municated from one sensitive fibre to others of the same 
kind ; or from fibres of special sense to those of comx4on 
sensation. A sfmikr communication of impressions from 
sensitive to motor fibres, consiittttesVs^sc^ioaof impressions, 
displays the«iifiportant functic^ common^ to all nervous 
centra as reflectors^ and produces reflex movements. In the 
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extent and direction of such communications, also, pheno- 
mena corresponding to those of transference and diffusion 
to sensitive nerves, are observed in the phenomena of 
reflection. For, as in transference, the reflection may take 
place from a certain limited set of sensitive nerves to fi 
corresponding and related set of motor nerves ; as when in 
consequence of the impression of light on the retina, the 
iris contracts, but no other muscle moves. Or, as in diffu- 
sion or radiation, the reflection may bring widely-extended 
muscles into action : as when an irritation in the larynx 
brings all the muscles engaged in expiration into coincident 
movement. 

It will be necessary, hereafter, to consider in detail so 
many of the instances of the reflecting j)ower of the several 
nervous centres, that it may be sulffeieilt liere to mention 
only the most general rules of reflex action : — 

1 . For the manifestation of every reflex muscular action, 
three things are necessary ; (i), one or more perfect centri- 
petal nerve-fibres, to convey an impression; (2), a nervous 
centre to which this impression may be conveyed, and by 
which it may be reflected ; (3), one or more centrifugal 
nerve-fibres, upon which this impression may be reflected, 
and by which it may be conducted to the contracting tissue. 
In the absence of any one of these three conditions, a proper 
reflex movement could not take place ; and whenever im- 
pressions made by external stimuli on sensitive nerves give 
rise to motions, these are, never the result of the direct 
reaction of th^ sensitive and motor fibres of the nerves on 
each other ; in aU such cases the impression is conveyed by 
the sensitive fibres to a nervous centre, and is therein com- 
municated to the motor fibfes. 

2. All reflex aetjonam re essentially iiffol untary . and may 

be accomplished independently of the will, though most of 
them' admit of being modified controlled, or prevented by 
a voluntary effo^. ' , 

3. Heflex actions perfonwd in health have, for the mdst 
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part, a distinct purpose, and are adapted to secure some 
end desirable for the well-being of the body; but, in 
disease, many of them are irregular and purposeless. As 
an illustration of the first point, may be mentioned move- 
ments of the digestive canal, the respiratory movements, 
and the contraction of the eyelids and the pupil to exclude 
many rays of light, when the retina is exposed to a bright 
glare. These and all other normal reflex acts aflbrd also 
eiamples of the mod^ in which the nervous centres combine 
and arrange co-ordinately the actions of the nerve-fibres, 
so that many muscles may act together for the common end. 
Another instance of the same kind is furnished by the 
spasmodic contractions of the glottis 0%. the contact of 
carbonic acid, or any foreign substance, with the internal 
substance of the Epiglottis or larynx. Examples of tlie 
purposeless irregular nature of morbid reflex action are 
seen in the convulsive movements of epilepsy, and in the 
spasms of tetanus and hydrophobia. 

4. Reflex muBCuiar acts are often more sustained than 
those produced by the direct stimulus of muscular nerves. 
As Volkmann relates, the irritation of a muscular organ, 
or its motor nerve, produces contraction lasting only so 
long as the irritation continues ; but irritation supplied to 
a nervous centre through one of its centripetal nerves, may 
excite reflex and harmonious contractions, which last some 
time after the withdrawal of the stimulus. 

, . CEBEBEO-SPINAX IJEKVOUS SYSTEM. 

The physiology of the cerebro-spinal nervous system 
includes that of the spinal cord, medulla pblongata; and 
brain, of the several nerves given off flroni.ea)Dh, and of the 

* Fig. 140. View of the cetehro-spinal axis of the nervoas system 
(pettier Bourgety). — The right half of the cranium and .trunk of the 
body has been removed by a vertical seetlou ; the membranes of the 
brain and spinal mavl-ow have also been removed, and t^e roots and first 
pact of |he fifth Wl ninth cranial, and of all the spinal nerves of the 
light have been dissected out and laid se|)arately on the wall of the . 



THE CEREBRO-SPINAL AXIS. 


489 


Pift. 140* 



skull and on tbe several verteb|^ opposite to the place of their natural 
exit from the cranio-spinal oayity. 
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ganglia on those nerves. It will be convenient to speak 
lirst of the spinal cord and its nerves. 


Spinal Cord and its Nerves, 

The spinal cord is a cylindriform column' of nerve-sub- 
stance, connected above with the brain through the medium 
of tlie medulla oblongata, terminating below, about the 
lo^er border of the^ first lumbar vertebra, in a slender 
filament of grey or vesicular substance, the Jilum terminale, 
which lies in the midst of the roots of many nerves form- 
ing the cauda equina. The cord is composed of fibrous 
and vesicular nervous substance, of which the former is 
situated externally, and constitutes its chief portion, while 
the latter occupies its central or axial portion, and is so 
arranged, that on the surface of a transverse section of 
the cord it appears like two somewhat crescentic masses 
connected together by a naiTOwer portion or isthmus (fig. 

141)- 

Passing through the centre of this isthmus in a longitu- 
dinal direction is a minute canal, which is continued through 
the whole length of the cord, and opens above into the 
space at the back of the medulla oblongata and pons 
Varolii, called the fourth ventricle. It is lined by a layer 
of cylindrical ciliated epithelium. 

The' spinal cord consists of two exactly symmetrical 
lialves united in the middle line by a commiBsure, but 
separated, anteriorly and posteriorly by a vertical fissure ; 
the posterior fissure being deeper, but less wide and dis- 
tinct than the anterior. Each half of th^ spifial cord is 
marked on the sides (obscurely at the lo#ar part, but dis. 
tinctly a^ve) by two longitudinal furrow^, which divide 
it into three portions, columns, or anterior, middle 

or lateral, and^ posterior. From the groove between the 
anterior and latfeal columns spring the anterior roots of 
the spinal nerves ; and just in front of the groove between 
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the lateral and posterior* column arise ihe posterior roots 
of the same : a pair of roots on each side corresponding to 
each yertehra (fig. 141). 

The fibrous part of the cord contains continuations of the 
innumerable fibres of the spinal nerves issuing from it, or 
entering it ; but it is, probably, not formed of them exclu- 
Fig, 141.*- 



* Fig. 14 1. Dilfereiit views of a portion of the B2)iual cord from tho 
cervical region, with the roots of the nerves slightly enlarged (from 
(^uaiii). In ui, the anteiior surface of the specimen is shown ; the an- 
terior nen^e-root of its right side being divided ; in u, a view of the 
right side is given ; in c the upper surface is shown ; in n, the nerve- 
roots and ganglion are shown from below, i, the anterior median 
iissure ; 2, posterior median fissure ; 3, anterior lateral depression, over 
which tho anterior nerve -roots are seen to spread ; 4, jmsterior lateral 
groove, into which the x^osterior roots are seen to sink ; 5, anterior 
roots passing the ganglion ; 5', in a, the antcribr root divided ; 6, the 
2)ostcrior roots, Ihe fibres of which pass into tho ganglion 6' ; 7, the 
united or compound' nerve ; 7 ', tlie posterior pr^ary branch, seen in 
A and D to be derived in part from the anterior aifil in part the 
posterior root. ‘ " 
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sively ; nor is it a mere trunk, like a great nerve, through 
which they may pass to the brain. It is, indeed, among 
the most difficult things in structural anatomy to determine 
the course of individual nerve-fibres, or even of fasciculi 
of fibres, through even a short distance of the spinal cord ; 
and it is only by the examination of transverse and longi- 
tudinal sections through the substance of the cord, such as 
those so successfully made by Mr. Lockhart Clarke, that we 
can obtain anything lit© a correct idea of the direction taken 
by the fibres of the roots of the spinal nerves within the 
cord. From the information afforded by such sections it 
would appear, that of the root-fibres of the nerve which 
enter the cord, some assume a transverse, others a longi- 
tudinal direction : the fibres of the former pass horizontally 
or obliquely into the substance of the cord, in which many 
of them appear to become continuous with fibres entering 
the cord from other roots ; other pass into the columns of 
the cord, while some perhaps terminate at or near the part 
which they enter : (tf the fibres of the second set, which 
usually first traverse a portion of the grey substance, some 
pass upwards, and others, at least of the posterior roots, 
turn downwards, but how far they proceed in either direc- 
tion, or in what manner they terminate, are questions still 
undeterminiid. It is probable that of these latter, many 
Tjonstitute longitudinal commissures, connecting different 
segments of the cord with each other ; while others, pro- 
bably, pass directly to the brain. 

The general rule respecting the size of different parts oi 
the cord appears to be, that the size of each part bears a 
direct proportion to the size and number of nerve-roots 
given off from itself, and has but little relation to the size 
or iliumber of those given off below it. Thus the cord is 
large in the ^middlai and lower part of its cervical 
petition, whenca arise the large^nerve-roots for the forma- 
of the bra^hml plexuses and the supply of the upper 
"Extremities, and again enlarges at the lowest p^t of its 



OllIGIi^ OF THE SPINAL NEllVES. 


493 


dorsal portion and the upper part of its lumbar, at the 
origins of the large nerves which, after forming the lum- 
bar and sacral plexuses, are distributed to the lower 
extremities. The chief cause of the greater size at these 
parts of the spinal cord is increase in the quantity of grey 
matter ; for there seems reason to believe that the white 
or fibrous part of the cord becomes gradually and pro- 
gressively larger from below upwards,* doubtless from the 
addition of a certain number of upward passing fibres frdm 
each pair of nerves. 

It may be added, however, that there is no sufficient 
evidence for the supposition that an uninterrupted, con- 
tinuity of ner^e-fibres is essential to thfe conduction of 
impressions on the spinal nerves to and from the brain : 
such impressions may be as well transhiitted through the 
nerve-vesicles of the cord as by the nerve-fibres ; and the 
experiments of Brown-Sequard, again to be alluded to, 
make it probable that the grey substance of the cord is the 
only channel through which sensitive impressions are con- 
veyed to the brain. 

The Nerves of the Spinal Cord consist of thirty-one pairs, 
issuing from the sides of the whole length of the cord, their 
number corresponding with the intervertebral foramina 
through which they pass. Each nerve arises by two roots, 
an anterior and posterior, the latter being the larger. The 
roots emerge through separate apertures of the sheath 
of dura mater surrounding the cord ; and directly after 
their emergence, where the roots lie in the intervertebral 
foramen, a ganglion is found on the posterior root. The 
anterior root lies in contact with the anterior surface of 
the ganglion, but none of its fibres intermingle with those 
in the ganglion. But immediately beyond the ganglion 
the two roots coalesce, and,by the mingling of their fibres 
form a compound or mixed spinal ifcrvja, which, after 
issuing ficom the intei^ertebral canal, divides into* an 
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anterior and posterior branch, each containing fibres from 
both the roots (fig. 14 1). 

According to Kolliker thp posterior root-fibres of the 
cord enter into no connection with the nerve-corpiiscles in 
the ganglion, but pass directly through, in one or more 
bundles, which are collected into a trunk beyond the gan- 
glion, and then join the motor root. From most, if not all, 
of the ganglionic corpuscles, one or two, rarely more, 
neVve-fibres arise and pass out of the ganglion, in a peri- 
pheral direction, in company wdth the posterior root-fibres 
of the cord. Each spinal ganglion, therefore, is to be 
regarded as a source of new nerve-fibres, which Kolliker 
names ijangliouid fibres. The destination ofi these fibres is 
not yet determined : probably they pass especially into the 
vascular branches of the nerves which they accomj^any. 

The anterior root of each spinal nerve arises by nume- 
rous separate and converging fasciculi from the anterior 
column of the cord ; the posterior root by more numerous 
parallel fasciculi, £iv>m the posterior column, or, rather, 
from the posterior i)art of the lateral column ; for if a 
fissure be directed inwards from the groove between the 
middle and posterior columns, the posterior roots will 
remain attached to the former. The ^anter ior ro(^s of each 
sjnnal nerve consist exclusively of motor ^ fibres ; the 
nosterior as exclusively of sensitive fibres.^ For'tHe know- 
segiiKk' of this important fact, and much of the consequent 
bably, pasof the physiology of the nervous system, science 
The generaj;o Sir Charles Bell. The fact is proved in 
the cord appear. Division of the anterior roots of one or 
direct proportion Bowed by complete loss of motion in the 
given off from itself, e fibres of such roots; but the sensa- 
or i^umber of those giv^ remains perfect. Division of the 
large in the •mid( the sensibility of the parts supplied 
C^pHOii^on, whence arise thee poweij of motion continues unim- 
;||idn of the bra^hiM plex%tion of the ends of the distal 
'{j^xtremities, and again enl^terior roots of a nerve excites 
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muscular movements; irritation of the ends of the proximal 
portions, which are still in connection witli the cord, is?. 
followed by no effect. Irritation of the distal portions of 
the divided posterior roots, on the other hand, produces no 
muscular movements and no manifestation of pain ; for, as 
already stated, sensitive nerves convey impressions only 
towards the nervous centres : but irritation of the proximal 
portions of these roots elicit signs of* intense suflering. 
Occasionally, under this last irritation, muscular move- 
ments also ensue ; but those are either voluntary, or the 
result of tho irritation being reflected from the sensitive to 
the motor fibres. Occasionally, too, irritation of the distal 
ends of divided^anterior roots ell(iits signs of pain, as well 
as producing muscular movements : the j)ain thus excited 
is probably the result of cramp (Brown-Secjjuard). 

As an example of the experiments of which the preced- 
ing paragraj)!! gives a summary account, this may be 
mentioned : If in a frog the three posterior roots of the 
nerves going to the hinder extremity be divided on the left 
side, and the three anterior roots of the corresponding 
nerves on tho right side, tho left extremity will be deprived 
of sensation, the right of motion. If the' foot of the right* 
leg, which is still endowed with sensation but not with the 
power of motion, be cut off, the frog will give evidence of 
feeling pain by movements of all parts of the body except 
the right leg itself, in which he feels the pain. If, on tho 
contrary, the foot of the left leg, which has the power of 
motion, but is deprived of sensation, is cut off, tlie frog 
does not feel it, and no movement follows, except the 
twitching of the muscles irritated by cutting them or their 
tendons. 

Functions of the Spinal Cord, 

The spinal cord manifests all the properties already 
assigned to nerve centres (see p. 4^3)* ^ • 

i. It is capable of c^ucting 
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nervous excitement. Through it the impressions made 
uj)on the peripheral extreinij ^4 or other parts of the spinal 
sensitive nerves are conducted to the brain, where alone 
they can be iDerceived by the mind. Through it, also, the 
stimulus of the will, applied to the brain, is capable of 
exciting the action of the muscles^s^plied from it with 
motor nerves. And for all these conductions of impressions 
to and fro between the brain and the spinal nerves, the 
perfect state of the cord is necessary ; for when any part 
of it is destroyed, and its communication with the brain is 
interrupted, impressions on the sensitive nerves given off 
from it below the seat of itojury, cease to be proj^agated to 
the brain, and’ the mind loses the power of voluntarily 
exciting the motor nerves proceeding from the portion of 
(;ord isolated from the brain. 

Illustrations of this are furnished by various examples 
of paralysis, but by none better than by the common para- 
plegic., or loss of sensation and voluntary motion in the 
lower part of th^ body, in consequence of destructive 
disease or injury of a portion, including the whole thick- 
ness, of the spinal cord. Such lesions destroy the com- 
'm unication betv/een the brain and all parts of the spinal 
cord below the seat of injury, and consequently cut off 
from thei'^ connection with the mind the various organs 
6upi)lied with nerves issuing from those jmrts of the cord, 
liut if this lower portion of the cord preserves its integrity, 
the various parts of the body supplied with nerves from it, 
though cut off from the brain, will nevertheless be subject 
to the influence of the cord, and, as presently to be shown, 
wUl indicate its other powers as a nervous centre. 

From what has been already said, it will appear probable 
that the conduction of impressions along the cord is effected 
(at least, for the most part) throj^h the grey subside, 
i e., through the nerve-corpusples and filaments connecting 
^ Aem. But t^ier# is reason to believe thats all parts of the 
' cord not alike able to conduct all impressions; and 
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that, rather, as there are separate nerve-fibres for motor 
and for sensitive impressions, so in the cord, separate and 
determinate parts serve to conduct always the same kind 
of impression. 

The important and philosophical labours of Dr. Brown- 


Fig. 142.* 



* Tlic nTH)v« diagrnm (after Brown-S^qaarcl) represents tlio decus- 
sation of the conductors for voluntary mftveinents, and those for 
sensation : a r, anterior roots and their continuations in the spinsfcl 
cord, and decussation at the lower part of the medulla oblongata, w oy 
p r, the posterior roots and their continuation and decussation in the 
spinal cord ; g ,gr, the ganglions of the roots. The* arrows indicate the 
direction of the nervous action ; the right side ; 7 , the left side. 
I, 2, 3, indicate places of alteration in a lateral Haalf of the spino- 
, cerebral axis, to show the influot^e on the two kinds of conductors*, 
resulting from section of the cord at any one of these, three places. 

K K . 
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Sequard have cast mncli new light on all relating to tlie 
functions of the spinal cord. It is not possible to 
do justice to those investigations in any summary, how- 
ever lengthy and complete : the whole series (delivered 
in lectures at the College of Surgeons) must be 
read and studied. An attempt will he made here to 
point out only the principal conclusions deducible from 
them. 

a. Sensitive impressions, conveyed to the spinal cord by 
root-fibres of the posterior nerves are not conducted to the 
brain hy the posterior columns of the cord, as hitherto has 
been generally supposed, but i)ass through them, into the 
central groy substance^ by which tliey are transmitted to 
tiie brain (fig. 1 42). 

b. The impressions thus conveyed to the groty substance 
do not pass up to the brain along that half of the cord 
corresponding to the side from which they have been 
received, hut, almost immediately after entering the cord, 
c ross over to the. other side, and along it are transmitted 
to the brain. Tliere is thus, in the cord itself, a complete 
decussation of sensitive impressions brought to it ; so that 
division or disease of one posterior half of tlie cord is 
followed by lost sensation, not in parts on tho corresi)oud- 
ing, but in those of the opposite aide of the body. 

c. The various sensations of touch, pain, temperature, 
and muscular contraction^ are probably conducted along 

; separate and distinct sets of fibres. All, however, with 
{ the exception of the last named, undergo decussation in the 
spinal cord, and along it are transmitted to the brain by 
the grey matter. 

d. The posterior columns of the cord appear to have a 
great share in r^ex jpaoyements, and this is the principal 
(£us 6 of the pociiliar kind of paralysis so often observed in 
disease of these columns. • 

^ . Impulses of the will, leading to voluntary conti-actions 
i of mtiscles, appear to be transmitted principally along the 
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,t anterior columns, and the contiguous grey matter of Iho 
cord. 

/. Decussation of motor impulses occurs, not in tlie 
spinal cord, as is the case with sensitive impressions, but, 
as hitherto admitted, at the anterior part of ilie medulla 
oblongata. This decussation, Jiowever, does not take place, 
as generally supposed, all along the median line, at the 
base of tlio encephalon, but only at that portion of the^ 
anterior pyramids, which is continuous with the lateral 
columns of the cord. Hence, the mandates of the will, 
having made their detjussation, first enter the cord by the 
lateral tracts and adjoining grey matter, and tlicu pass to 
tlie anterior coluniiis and to the grey matter associated 
with them. Accordingl}’', division of the anterior pjTamids, 
at the point of d^usgatioji, is followed by paralysis of 
motion in all parts below ; while division of the olivary 
bodies, which constitute the true continuations of the 
anterior columns of the cord, appears to produce very 
little paralysis. Disease or division of any part of ^ the 
cerebro- spinal axis ahore the scat of decussation is followed, 
as well-known, by impaired or lost power of motion on 
the opposite site of the bodj’’ ; wlule a like injury indicted 
below this part, induces similar paralysis on the corre- 
sponding side. 

2. In the second place, the spinal cord as a nerve- 
centre, or rather as an aggregate of many nervous centres, 
has the power of commumcating impressions in the several 
ways already mentioned (p. 485). 

Examples of the transference and radiation of impressions 
in the cord have been given ; and that the transference at 
least takes place in the cord, and not in the brain, is nearly 
proved by the case of pain felt in the knee and not in the 
liip, in diseases of the hip ; of pain felt in the urethra or 
glans penis, and not in the Jbladder, in calculus ; for, if 
both primary and the secondary or transfeared impres-^ 
*siona were in the brain, both should be always felt. Of 

K K 2 
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radiations of impressions, there are, perhaps, no means 
of deciding whether they take place in the spinal cord or 
in tlie brain ; but the analogy of the cases of transference 
makes it probable that the communication is, in this also, 
effected in the cord. 

The power, as a nerve-centre, of communicating im- 
pressions from sensitive to motor, or, more strictly, from 
^ centripetal to centrifugal nervo-fibres, is what is usually 
discussed as the^ <’y/gr function of the spinal cord. Its 
general mode of action, Tis^ gencSSTIBb^^ incomplete 
independence of consciousness and of the will, and the^ 
conditions necessary for its perfection, have been already 
stated. These points, and the extent to* which the power 
operates in tho production of the natural reflex movements 
of tlie body, have now to be further illustrated. They 
will be described in terms adapted to the general rules of 
reflection of impressions in nervous centres, avoiding all 
such terms as might seem to imply that tho power of the 
spinal cord in reflecting, is different in kind from that of 
all other nervous centres. 

The occurrence of movements under tho influence of tho 
spinal cord, and independent of the will, is well exemplified 
in the acts of swallowing, in which a portion of food 
carried by voluntary efforts into the fauces, is conveyed by 
successive involuntary contractions of the constrictors of 
tlie pharynx and muscular walls of the oesophagus into 
the stomach. These contractions are excited by the stimu- 
lus of tiie food on the centripetal nerves of the pharynx 
find oesophagus being first conducted to the spinal cord 
and medulla oblongata, and thence reflected through the 
motor nerves of these parts. All these movetiients of the 
pharynx and oesophagus are involuntary ; the will cannot 
arrest them or*modify them ; and though the mind has a 
\-ortain conseioiisness of tho food passing, which becomes 
.less as the ^ood passes further, yet that this is npt neces- 
sary to the act of deglutition, is shown by its occurring* 
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when the influence of the mind is completely removed ; as 
when food is introduced into the fauces or pharynx during 
a state of complete coma, or in a brainless animal. 

So also, for example, under the influence of the spinal 
cord, the involuntary and unfelt muscular contraction of 
the sphincter ani is maintained when the 'mind is com- 
pletely inactive, as in deep slcjep, but ceases w'lien the 
lower part of the cord is destroyed, and -cannot be main- 
tained by the wiU. * 

Tlie^ independence of the mind manifested by the reflect- 
ing power of the cord, is further shown in the perfect 
occurrence of tlie reflex movements when the spinal cord 
and the brain ar^ disconnected, as in decapitated animals, 
and in cases of injuries or diseases so affecting the spinal 
cord as to divide or disorganize its whole thickness at any 
part whose perfection is not essential to life. Thus, when 
the head of a lizard is cut off, the trunk remains standing 
on the feet, and the body writhes when the skin is irritated. 
If the animal be cut in two, the lower portion can be ex- 
cited to motion as well as the upx)er portion : the tail may 
he divided into several segments, and each segment, in 
which any portion of sx)inal cord is contained, contracts on 
the slightest touch ; even the extremity of the tail moves 
as before, as soon as it is touched. All tlie iwrtions of the 
animal in which these movements can be excited, contain 
some part of the spinal cord ; and it is evidently the cause 
of the motions excited by touching the surface ; for they 
cannot be excited in parts of the animal, however large, if 
no part of the cord is contained in them. Mechanical irri- 
tation of the skin excites not the slightest motion in the 
leg when it is separated from the body ; yet the extremity 
of the tail moves as soon as it is touched. The same power 
of the spinal cord in reflecting impressions will cause on 
eel, or a frog, or any other cold-blooded animal, to move 
along after it is deprived of its head, and when, however 
much tiie movements ma^ indicate purpose, it is ndt 
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probable that consciousness or will has any share in 
them. And so, in the liumnn subject, or any warm- 
blooded animal, when the cord is completely divided 
across, or so diseas^ at some part that the influence 
of tlie mind cannot be conveyed to the parts below it, 
the irritation of any part of the surface supplied by 
nerves given off from the cord below the seat of injury, 
is commonly followed by spasmodic and irregular reflex 
•movements, even though in the healthy state of tlie cord, 
such involuntary movements could not be excited when 
the attention of the mind was directed to the irritating 
cause. 

In the fact last mentioned, is an illustration of an impor- 
tant difference between the warm-blooded and* the lower 
animals, in regard to the reflecting power of the spinal cord 
(or its homologue in the Invertebrata), and tlie share which 
it and the brain have, respectively, in determining the 
several natural moveihents of the body. When, for ex- 
ample, a frog's hfead is cut off, the limbs remain in, or 
assume, a natural position ^ resume it when disturbed ; and 
when the abdomen or back is irritated, the feet are moved 
with the manifest purpose of pushing away the irritation. 
It is as if the mind of the animal were still engaged in 
the aets.’*^ But, in division of the human spinal cord, the 
lower extremities fall into any position that their weight 
and the resistance of surrotmding objects combine to give 
them ; if the body is irritated, they do not move towards 
the irritation ; and if themselves are touched, the conse- 
quent movements are disorderly and purposeless. Now, if 


* Tlie evident adaptation and.purposo in the movements of the cold- 
blooded animals, have led some to think that they must he conscious 
and capable of will without their brains. But purjiosivo movements 
aw nop roof of consciousness or will in the creature manifesting them. 
The iTiovemeiits of the limbs of lieudless frogs are not more purposive 
.than ,the inovei^Dnts of our own respiratory muscles arc ; in which we 
k&ow that neither will nor consciousness is at all times concerned. 
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we are justified by analogy in assuiniiig tliat the will of 
the frog cannot act more than the will of man, through 
tlie si)iiial cord separated from the brain, them it must be 
admitted that many more of the natural and purposive 
movements of the body can be performed under tJic solo 
^inlluence of the cord in the frog than ih man ; and what is 
true in the instance of these two species^ is generally true 
also of the whole class of cold-blooded, as distinguished 
from warm-blooded, animals. It may not, indeed, be 
assumed that the acts of standing, leaping, and other 
movements, which decapitated cold-blooded animals can 
perforin, are also always, in the entire and liealthy state, 
performed invobintarily, and under the sole influence of 
the cord ,* but it is probable that sucli acts may be, and 
commonly are, so performed, the liiglier nerve-centres 
of the animal having only the same kind of influence in 
modifying and directing them, that those of man have in 
modifying and directing the movements of the respiratory 
muscles. « 

The fact that such movements as are produced by irri- 
tating tlie skin of the lower extremities in the human 
subject, after division or disorganization of a part of the 
spinal cord, do not follow ^the sam 6 irritation w^hen the 
mind is active and connected with tlie cord tlirough the 
brain, is, probably, due to the mind ordinarily perceiving 
the irritation and instantly controlling the muscles of the 
irritated and other parts ; for, even when tho cord is per- 
fect, such involuntary movements will often follow irritation, 
if it be applied when the mind is wholly occupied. When, 
for example, one is anxiously thinking, even slight stimuli 
wdll produce iuvolunt^y and reflex movements. So, also, 
during sleep, such reflex movements may be observed when 
the skin is touched or ticked; for example W’hen one touches 
with the finger the palm of the hand of a sleeping child, 
the finger is grasped^ the impression on the skin of the 
palm producing a reflex inovement of the muscles .which 
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close the hand. But when the child is awake, no such 
effect is produced by a similar touch. 

On the whole, it may, from these and like facts, be con- 
cluded that the propejc*.,. reflex acts, performed under the 
influence of the reflecting power of the spinal cord, ^e 
essentially indepe^dent of the brain, and may be performed 
! perfectly when the brain is separated from the cord : ^ that 
, these include a much larger number of the natural and 
purposive movements of the lower animiJs than of the 
warm-blooded animals and man : and that over nearly all 
of them the mind may exercise, through the brain, some 
, control; determining, directing, hindering, or modifying 
them, either by direct action or by its powet' over associated 
' muscles. 

In this fact, that the reflex movements from the cord 
may bo perfectly performed without the intervention of 
conscipusness or will, yet are amenable to the control of 
the will, we may see their admirable adaptation to the 
well-being of the body. Thus, for example, the respiratory 
movements may be performed while the mind is, in other 
things, fully occupied, or in sleep powerless ; yet in an 
emergency, the mind can direct and strengthem them : and 
it can adapt them to the several acts of 8X)eech, effort, etes. 
.Being, for- ordinary purposes, independent of the will and 
consciousness, they are performed perfectly, without expe- 
rience or education of the mind ; yet they may be emxfloyed 
for other and extraordinary uses when the mind wills, and 
so far as it accxuires x>ower over tliem. Being commonly 
independent of the brain, their constant continuance does 
not produce weariness ; for it is only in the brain that it or 
any other sensation can be perceived. 

The subjection of the muscles to both the spinal cord 

. * Reflex movements, occurring quite independently of sensation, are 

generally called cxdto-Tiiotor ; those^which are guided or accompanied 
by sensation, but iiotr to the extent of a distinct perception or intel- 
lectual process, afe termed sensori-motor. 
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and the brain, makes it difficult to determine in man what 
movements or what share in any of them can bo assigned 
to the reflecting power of the cord. The fact tliat after 
division or disorganization of a part of tho cord, move* 
ments, and even forcible though purposeless ones, are pro- 
duced in the lower limbs when the skin is irritated, iwovcs , 
thatjbhe spinal cord can reflect a stimulus to the action of ' 
the muscles that are, naturally, most under the control of 
the will ; and it is, therefore, not improbable that, for even 
the^inyoluntary action of those muscles, when the cord is per- 
fect, it may supply the nervous stimulus, and the will the 
direction. As instances in which it supplies both stimulus 
and direction, tiiat is, both excites and determines the com- 
bination of muscles, may be mentioned the acts of the abdo- 
minal muscles in vomiting and voiding the contents of the 
bladder and rectum ; in both of which, though, after the 
period of infancy, the mind may have the x)Owcr of post- 
poning or modifying the act, there are all the evidences of 
reflex action; namely, the necessary precedence of a sti- 
mulus, the independence of the will, and, sometimes of 
consciousness, the combination of many muscles, the per- 
fection of the act without the help of education or ex 2 )eri- 
ence, and its failure or imperfection in disease of the lower 
part of the cord. The emission of semen is equally a reflex 
act governed by the spinal cord : the irritation of the glans 
penis conducted to the spinal cord, and thence reflected, 
excites tho successive and co-ordinate contractions of the 
muscular fibres of the vasa deforentia and vesiculm semi- 
nales, and of the accelerator urinm and other muscles of 
the urethra ; and a forcible expulsion of semen takes place, 
over which the mind has little or no control, and which, ii;i 
cases of paraplegia, may be unfelt. The erection of the 
penis, also, as already explained (p. l8t^), appears to be in , 
part the result of a reflex contraction of the muscles' by 
which the veins returning the blood frftm ^the penis are 
compressed. Irritation of .the Tagina in sexual intercoid:sp 
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appears also to be propagated to the spinal cord, and thenco 
reflected to the motor nerves supplying the Fallopian tubes. 
The involuntary action of the uterus in expelling its con- 
tents during parturition, is also of a purely reflex kind, 
dependent in part upon the spinal cord, though in part 
also upon the sympathetic system : its independence of the 
brain being proved by cases of delivery in paraplegic 
women, and now more abundantly shown in the use of 
clfloroform. 

Hosides these acts regularly performed under the influ- 
ence of the reflecting power of the spinal cord, others are 
manifested in accidents, such as the movement of the limbs 
and other parts to guard the body against the ellccts of 
sudden danger. When, for example, a limb is pricked or 
struck, it is instantly and involuntarily witlidrawn from the 
instrument of injury ; and the same preservative tendency 
of the reflex power of the cord is shown in the outstretched 
arms wlicri falling forwards, and their reversed imsition 
Mdien falling back'vfards; the action, altliough apparently 
voluntary, being really, in most cases, only an instance of 
reflex action. 

To these instances of spinal reflex action, some add yet 
many more, including nearly all the acts which seem to bo 
j>erformed Unconsciously, such as those of wfilking, running, 
writing, and the like: for these are really involuntary 
acts. It is true that at their first performances they are 
voluntary, that they require education for their perfection, 
and are at all times so constantly performed in obedience 
to a mandate of the will, that it is difiicult to believe in 
their essentially involuntary nature. But the will really 
has only a controlling power over* their performance ; it can 
hasten or stay them, but it has little or nothing to do with 
^the actual carrying^out of tlie effect. And this is proved 
by the circumstance, that these^acts can be performed»J|^itli 
^ complete mental abstraction : and, more than this, that the 
’ Endeavour to carry them out entirely by the exercise of the 
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will is not only not beneficial, but positively interferes with 
their Lormonious and perfect perforninneo. Anyone may 
convince himself of this fact by trying to take each ste]) as 
a voluntary act in walking down stairs, or to form each 
letter or word in writing by a distinct exercise of the will. 

These actions, however, will be again rcferi'ed to, when 
treating of their possible connection with the functions of 
the so-called sensonj (jmifflia (p. 523). • 

I'lie phenomena of sj)inal rotlex actions in man are mifch 
more striking and uumixed in cases of disease. Tn some of 
these, the etftct of a morbid irritation, or a morbid irri- 
tability of the cord, is very simple ; as when the local 
irritation of Ibensitivo fibres, being prdj)^ gated to the 
spinal cord, excites merely local* spasms, — spasms, namely, 
of those muscles, the motor fibrous of wliich arise from the 
same part of the spinal cord as the sensitive fibres that are 
irritated. Of such a case we have instances in the invol- 
untary si)asmodic contraction of muscles in the immediate 
neighbourhood of inflamed joints; diid numerous other 
examples of a like kind might be ipioted. 

In other instances, in which we must assume that tlm 
cord is morbidly more irritable, i,e.y apt to issue more 
nervous force than is proportionate to the stimulus applied 
to it, a slight impression on a sensitive nerve p^odu(^es ex- 
tensive reflex movements. This aj>pears to he the condition 
in tetanus, in wdiich a slight touch on the skin may thrown 
the wliole body into convulsion. A similar state is induced 
by the introduction of strychnia, and, in frogs, of opium, 
into the blood ; and numerous experiments on frogs thus 
made tetanic, have shown that the tetanus is wholly uncon- 
nected with the brain, and depends on the state induced in 
the spinal cord. 

* 

It may seem to have been implied that the spinal cord, as 
n single nervous centre, reflects alike fr<fin all parts all the 
impressions conducted to it. But it is more probable that 
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it should be regarded as a collection of nervous centees 
united in a continuous column. This is made probable by 
the fact that segments of the cord may act as distinct ner- 
vous centres, and excite motions in the parts supplied with 
nerves given off from them ; as well as by the analogy of 
certain cases in which the muscular movements of single 
organs are under the control of certain circumscribed por- 
tions of the cord. • Thus Volkmann has shown that the 
rhythmical movements of the anterior pair of lymphatic 
hearts in the frog depend upon nervous influence derived 
from the portion of spinal cord corresponding to the third 
vertebra, and those of the posterior pair on influence sup- 
l^lied by the portion of cord opposite the eij^hth vertebra. 
The movements of the heart continue, though the whole of 
the cord, except th6 above portions, be destroyed ; but on 
the instant of destroying either of these portions, though 
ail the rest of the cord be untouched, the movements of 
the corresponding hearts cease. What appears to be thus 
proved in regai’d to two portions of the cord, may be in- 
ferred to prevaE in other portions also ; and the inference 
is reconcilable with most of the facts known concerning 
the physiology and comi)arative anatomy of the cord. 

The influence of the spinal cord on the sphincter ani has 
been already mentioned (p. 501 ). It maintains this muscle 
in permanent contraction, so that, except in the act of defeca- 
tion, the orifice of the anus is always closed. This influence 
of the cord resembles its common reflex action in being in- 
voluntary, although the will can act on the muscle to make 
it contract more or to permit its dilatation, and in that the 
constant action of the muscle is not felt, nor diminished in 
sleepi nor productive of fatigue. But the act is difPerent 
from ' ordinary reftex acts in being nearly constant. In 
this respect it resembles that coi^ition of muscles which 
1ms been called tone* or passive contraction ; in a state in 

* This kind of tone must bo distuigoiahed from that mere iirmnesa 
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wliicli they always appear to be when not active in health, 
and in which, though called inactive, they ap^ioar to be in 
slight contraction, and certainly are not relaxed, as they 
are long after death, or when the spinal cord is destroyed. 
This tone of all the muscles of the trunk and limbs seems 
to depend on the spinal cord, as the contraction of the 
sphincter ani does. If an animal be killed by injury or 
removal of the brain, the tone of the muscles may be felt, 
and the limbs feel firm as during sleep ; but if the spi&al 
cord be destroyed, the sphincter ani relaxes, and all the 
muscles feel loose, and fiabby, and atonic, and remain so 
till the rigor mortis commences. 


THE MEDTOLA OBEONCfATA. 

Its Structure. 

Tho medulla oblongata is a mass of grey and white 
nervous substance partly contained wijhin tlie cavity of the 
cranium, — forming a portion of the cephalic prolongation 
of the spinal cord and connecting it with the brain. The 
grey substance which it contains is situated in tlie interior, 
and variously divided into masses and laminre by the wliitc 
or fibrous substance which is arranged partly in external 
columns, and partly in fasciculi traversing the central grey 
matter. The medulla oblongata is larger than any part of 
the spinal cord. Its colun^ns are pyriform, enlarging as 
they proceed towards the brain, and are continuous with 
those of the spinal cord. 

Each half of the medulla, therefore, may be divided into 
three columns or tracts of fibres, continuous with the tliree 

and tension which it is customary to ascribe,^ under the name of tone, 
to all tissues that feel robust and not flabby, as well as to muscles. 
The tone peculiar to muscles hife in it a deprrpe of vital contraction : 
that of other tissues is only due to their being Miell nourished, and 
therefore compact and tense. 
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tracts of which each half of the spinal cord is made up. 
The columns are more prominent than those of the spinal 
cord, and separated from each other by deepj^ grooves. The 
anterior, continuous with the anterior colui^s of the cord, 
are called the anterior pyramids; the pojderior, continuous 
with the posterior columns of the cord, are called thjs restiforni 


I43-* 144:+ 



* Fig. 143. View of the anterior surface of the pons Varolii, and 
medulla oblongata, a, anterior pyramids. &, their ilecussulioii ; c, c, 
olivaiy bodies ; d, d, rcstiform bodies ; e, arciform fibres /, iibres 
described by Solly as i^assing from the anterior cohuiin of ilie coid io 
the cerebellum ; g, anterior column of the sjunal cord ; h, lateral 
column ; />, pons varolii ; i, its upper fibres ; 5» 5» roots of the fifth 
pair of nei’vcs. 

t Fig. 144. View of the posterior surface of the pons varolii, cor- 
pora quadrigeinina, and medulla oblongata. Tlio peduncles of the 
cerebellum are cut shoit at the side, a, a, the upper pair of cor- 
pora quadrigeinina ; 6, h, the lower;/,/, superior peduncles of the 
ceitjbellum ; c, eminence connected with the nucleus of the hypoglossal 
nerve ; c, that of tho glo8so-])haryngeal nerve ; i, that bf the vagus 
nerve ; d, d, restiform 4iodics ; p, p, posterior pyramids ; v, v, groove 
in the -middle of fhe fourth ventricle, ending below in the calamus 
scfiptoritis ; 7, 7, roots of tho auditoiy uotvas- 
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bodies ; and the lateral^ continuous with the lateral columns ' 
of the cord, ore named simply from their position. On the 
fibres of the lateral column of each side, near its u^^per 
l^art, is a small oval mass containing grey matter, and 
named the olivm'y body ; and at the posterior part of tlio 
restiform column, immediately on each side of the posterior 
median groove, a small tract is marked off by a slight 
groove from tlie remainder of the restiform body, and called 
the jwsterior pyramid. The restiform columns, instead bf 
remaining parallel with each other throughout the whole 
of the medulla oblongata, diverge near its upper part, 
and by thus diverging, lay open, so to speak, a space called 
the fourth ventricle, the floor of which is’ formed by the 
groy matter of the interior of the medulla, by this diverg- 
ence exposed. 

On separating the anterior pyramids, and looking into 
the groove between them, some decussating fibres can be 
plainly seen. 

a 

Distrihnlkm of the Fibres of the Medulla Oblongata. 

The anterior pyramid of each side, although mainly com- 
posed of continuations of tho fibres of the anteiior columns 
of the spinal cord, receives fibres from the lateral columns, 
both of its own and the opposite side j the latter fibres 
forming almost entirely those decussating -strands before 
mentioned, wliich are seen in the ’groove between the 
anterior pyramids. 

Thus composed, the anterior pyramidal fibres proceed- 
ing onwards to the brain are distributed in the following „ 
manner: — i. The greater j)art pass on through the pons ' 
to the cerebrum.* A portion of the fibres, however, run- 


• Tho cxpresHions “continuous fibres,*' and the like, appear to be 
usually understood as flieaiiing tlAt certain prinjitive nerve-fibres pass 
without interruption from one part to another. Rut si|ch continuity 
of primitive fibres through long distances h' the nervous centres is 
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ning apart from the others, joins some fibres from the 
olivary body, and unites with them to form what is called 
the olivary fasciculus OT fillet. 2. A small tract of fibres 
proceeds to the cerebellum. 

The lateral column on each side of the medulla, in pro- 
ceeding upwards, divides into three parts, outer, inner, 
and middle, which are thus disposed of: — l. The outer 
fibres go with the restiform tract to the cerebellum. 2. The 
rniddle decussate across tha middle line with their fellows, 
and form a part of the anterior pyramid of. the opposite 
side. 3. The inner pass on to the cerebrum along the floor 
of the fourth ventricle, on each side, under the name of the 
fasciculus teres. ‘ ^ 

The fibres of the restiform body receive some small con- 
tributions from both the lateral and anterior columns of 
the medulla, and proceed chiefly to the cerebellum, but 
that small part behind, called posferior pyramid, is con- 
tinued on with the fasciculus teres of each side along the 
floor of the fourth 'Ventricle to the cerebrum. 

As in structure, so also in the general endowments of 
tlieir several parts, there is, probably, the closest analogy 
between the medulla oblongata and the spinal cord. The 
difierence between them in size and form ai)pear8 due, 
chiefly, first, to the divergence, enlargement, and decussa- 
tion of the several columns, as they pass to be connected 
with the cerebellum or the cerebrum ; and, secondly, to the 
insertion of new quantities of grey matter in the olivary 
bodies and other parts, in adaptation to the higher office 

very far from proved. The apparent continuity of fasciculi (which is 
all that dissection can yet trace) is explicable on the supposition that 
many comparatively shoi’t fibres lie parallel, with the ends of each 
inlaid among many others. In such a case, there would be an apparent 
continuity of fibres ; just as there is, for example, wheit one untwists 
and pkhs out a bng pord of silk owwool, in which each iibr^ is short, 
an<| yet each fas^dculus ap])cars to be continued tlirough the whole 
cord. 
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and wider range of influence wljioli the medulla oblongata 
as a nervous centre exercises. 

Functions of the Medulla Oblongata. 

In its fuiictiQns the medulla oblongata differs from the 
spinal cord chiefly in the importance and extent of the 
actions that it governs. Like the cord, it* may be regarded 
first, as cofiduct inff impressions, in wliich office it has sL 
wider extent of function than any other part of the nervous 
system, since it is obvious that all impressions passing to 
and fro between the brain and the spinal cord and all 
nerves arising bJlow the pbns, must be transmitted through 
it. The decussation of part of the fibres of the anterior 
pyramids of the medulla oblongata exjNlains the pheno- 
mena of cros8-i)aralysis, as it is termed, i.e., of the loss of 
motion in cerebral apoplexy, being always on the side 
opjjosite to that on which the effusion of blood has taken 
place. Looking only to the anatomy of the medulla 
oblongata, it was not possible to explain why the loss of 
sensation also is on the side opposite the injury or 
disease of tlie brain : for there is no evidence of a 
decussation of posterior fibres like that which ensues 
among the anterior fibres of the medulla oblongata. 
But the discoveries of Bfown-Sequard have shown that 
the crossing of sensitive impressions occurs in the spinal 
cord (see p. 49S). 

The functions of the medulla oblongata as a nerve-centre 
seem to be more immediately important to the maintenance 
of life than those of any other part of the nervous system, 
since from it alone, or in fchief measure, appears to iJe 
reflected the nervous force necessary for the performance of 
re spira tion and deglutition. It tias been proved by repeated 
experiments on the l^er animals that the entire brain 
may be gradually cut away in successive ^ortjoiis, and yet 
’life may continue for a considerabl^a'time, and the respiratory 
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movements be uninterrupted. Life may tilso continue when 
the spinal cord is cut away in successive portions from 
below upw^ards as high as the point of origin of the phrenii- 
nerve, or in animals without a diapliragra, sucli as birds or 
reptiles, even as high as tlie medulla oblongata. In Am- 
phibia, these two experiments have been combined: the 
brain being all removed from above, and the cord from 
below ; and so long as the medulla oblongata w’as intact, 
'respiration and life were^maintained. But if, in any animal, 
the medulla oblongata is wounded, particuhii’ly if it is 
wounded in its central part , oppo site the origin of the 
pneumogastric nerves, the respiratorj^ movements cease, and 
the animal dies as if asphyxiated. And this eHeot ensues 
even when all parts of the nervous system, except the 
medulla oblongata, are left intact. 

Injury and disease in men prove the same as these ex- 
2)erimeTits on animals. Numerous instances are recorded 
in wdiich injury to the human medulla oblongata has 
produced instantaueous death ; and, indeed, it is through 
injury of it, or of the part of the cord connecting it with 
the origin of the j)hrcuic nerve, tliat death is commonly 
produced in fractures and diseases with "sudden displace- 
ment of the unjHir cervical vertebreo. 

The centre wJience the ner^'^ous force for the luoduction 
of combined respiratory pioyelnents appears tp issue is in 
the interior of that 2)art of Uie medulhi oblongata from 
which the pneumogastric neiwes arise ; for wdth care the 
medulla oblongata may be divided to within a few lines of 
tliis part, and its exterior may be removed without the 
stoppage of resi)iration ; but it immediately ceases wlien 
this part is invaded. This is not because the integrity of 
the pneumogastric nerves is essential to the respiratory 
movements/; for*both these nerves may be divided without 
more immediate eilect than^ a ’ retardation of these move- 
ments. The conclusion,' therefore, mrty safely be, that ; 

oblo^pta is the norYOus centre*. 
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\^hereby tlie impulses producmg tLe respiratory move- ^ 

The power by which the medulla oblongata govern a and 
combines the action of various muscles for. the respiratory 
movements, is an instance of the power of reflexion^ wliicli 
it possesses in common with all nervous centres. Its 
general mode of action, as well as the degree to wliicli 
the mind may take part in respiration, ’ and the number 
(jf nerves and muscles which, under the governance} of tlie 
meduUa oblongata, may be combined in the forcible resiu- 
ratory movements, liavo been already briefly described (see 
p. 225, et mj.), Tliat which seems most peculiar in this 
centre of respiratory action is its wide range of connection, 
the number of nerves by Avhich the centripetal impression 
to excite motion may be conducted, and the number and 
distance of tliose through which the motor impulse may be 
directed. The principal centripetal nerves engaged in ; 
respiration are the jgneumogastric, whose branches supply-’ 
ing the lungs appear to convey the most acute impression 
of the ** necessity of breathing.’* When they are both 
divided, the respiration becomes slower (J. Reid), as if the 
necessity were less acutely felt ; but it does not cease, and 
therefore other nerves besides them must have the power 
of conducting the like impression. The experiments of 
Volkmann make it probable that all centripetal nerves 
I)Osses8 it in some degree, and that the exi stence of imper- 
ffiaetly: aeratedt blood, in .contact with any of tliepi acts as a 
stipauliix,. which, being conveyed to the medulla oblongata, 
is reflected to the n.erves 4)f the respiratory muscles ; so 
that respiratory movements, do not wholly cease so long as 
any centripetal nerves, and any nerve supplying muscles 
of respiration, are both in continuous connection with the 
respiratory centre of the medulla oblongata. The circulation 
of imperfectly aerated blood in# the medulla oblongata itself 
may also act as a stimulus, andx |eact through this nerve,- 
’ centre on thc^ nerves which -supply the inspiratory muscles. 

X L 2 
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The wide extent of connection which belongs to the 
medulla oblongata as the centre of the respiratory move- 
ments, is further shown by the fact that impressions by 
mechanical and other ordinary stimuli, made on many 
parts of the external or internal surface of the body, may 
induce respiratory movements. Thus involuntary respira- 
tions are induced by the sudden contact of cold with any 
j)art of the skin* as in dashing cold water into the face. 
Irritation of tlie mucoilS membrane of tlie nose produces 
sneezing. Irritation in the pharynx, oesophagus, stomach, 
Or intestines, excites the concurrence of the rospiratoiy 
movements to produce vomiting. Violent irritation in tlie 
rectum, bladder, or uterus, gives rise to a concurrent action 
of tlie respiratory muscles, so as to effect the expulsion of 
the ffeces, urine, or foetus. 

The medulla oblongata appears to be the centre whence 
are deiived the motor impulses enabling the muscles of 
the palate, pharynx, and a^soiihagus, to produce the suc- 
cessive co-ordinate and adapted movements necessary to 
the act of derjlntition (see p. 263). This is proved by the 
persistence of swallowing in some of the lower animals 
after destruction of the cerebral hemisplieres and cerebellum ; 
its existence in anencephalous monsters ; the power of 
swallowing possessed by marsupial embryoes before the 
brain is developed; and by the complete arrest of the 
power of swallowing when the medulla oblongata is injured 
in experiments. But the reflecting power herein exercised 
by the medulla oblongata is of a much simpler and more 
restricted kind than that exercised in respiration; it is, 
indeed, not more tlian a simple instance of reflex ^tion by 
a segment of the spinal axis, receiving impressions fOr this 
purpose from only a few centripetal nerves, and reflecting 
them to the motor nerves of the same orgim* The incident 
^ or centripetal t^^rves in this case are the branches of the 
l^los^phe^fgeid, and, in a subordinate degree, those of^ 
I u^rve, some of the bi^hes of the sup^ior laryn- 
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geal nerve, which are distributed to the pharynx ; and the 
nerves through which the motor impressions to the fauces 
and pharynx are reflected, are the pharyngeal branches of 
the vagus, and, in subordinate degrees, or as supplying 
muscles accessory to the movements of the pharynx, tlie 
branches of the hypoglossal, facial, cervical, recurrent, and 
fifth nerves. Fur tlie oesophageal movements, so far as 
they are connected with the medulla oldoiigata, the fila- 
ments of the pneumogas trie nerve alone, which contaid 
both afferent and efferent fibres, api)ear to be sufficient 
(John Ileid). 

Though respiration and life continue while the medulla 
oblongata is perfect and in connection with respiratory 
nerves, yet, when all the brain above it is removed, tliere 
is no more appearance of sensation, of will, or of any 
mental act in the animal, the subject of the experiment, 
than there is when only a spinal cord is left. The moye- 
monts are all involuntary and unfelt ; and the medulla 
oblongata has, therefore, no claim to bd considered as an 
organ of the mind, or as the seat of sensation or volun- 
tary power. These are connected with parts next to be 
described. 

It would appear that much of the reflecting po\vor of 
the medulla oblongata may be destroyed; and yet its 
power in the respiratory movements may remiiin. Thus, 
in patients completely aflbcted with chloroform, the wink- 
ing of the eye-lids ceases, and irritation of the pharynx 
will not produce the usual movements of swallowing, or 
the closure of the glottis (so that blood may run quietly 
into the stomach, or even into the lungs) ; yot, with all 
this, they may breathe steadily, and show that the power 
of the medulla oblongata to combine in action the 
nerves of the respirator}’’ muscles is perfeot. 

In addition to its influence^ over the functions of respi- 
ration and deglutition, the medi^a oblongata ^ppe^rs to be 
largely concerned also in faohlty o£ sj^eh. ;* 
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Ill the medulla oblongata appears to be seated also the 
chief vaso-motor iierve-oentro (p. 576). From this ajrise fibres 
which, passiug down the spinal cord, issue with the an- 
terior roots of the spinal nerves, and enter the ganglia and 
branches of the sympathetic, by w'hioh they are conducted 
to the blood-vessels. 

Tlie influence which is exercised by the medulla ob- 
longafa, or, at least, by its irritation, on tlie formation of 
sugar in the liver, has been referred to (p. 336). 


STUUri’URE AND PHYSIOT.OOY OP THE TONS VAROLII, 

A 

( RITRA CEREBRI, CORPORA QTJADRJGEMINA, CORPORA 
GENIC ULATA, OPTIC TIIALMI, AND CORPORA STRIATA. 

Vons Vurolii. — ^'fhe meso-cophalon, or pons (vi, fig. 
is ooiuposecl principally of transverse fibres connecting the 
two hemiisphpes of the cerebellum, and forming its prin- 
cipal connnissure. * But it includes, interlacing with these, 
numerous longitudinal fibres which Qpj^nect the^ medulla 
olflongata with the cerebrum, and transverse fibres which 
connect it with the cerebellum. Among the fasciculi of 
nerve-fibres by which these several parts are connected, 
the pons also ‘ contains abundant grey or vesicular sub- 
stance, which appears irregularly placed among the fibres, 
and fills up all the interstices. 

The anatomical 'distribution of the fibres, both trans- 
verse and longitudinal, of which the pons is composed, is 
sufficient evidence of its functions as a conductpr of im- 
pressions from' one part of the cerebro-spinal axis to 
another. 

C\>ncernii)g its functions as a nerve-centre, little or 
nothing is certainly known. 

Cmra CerehrL — The cmra ^rebri (m, fig. I4S), prin- 

cipally forme^ of*nerye-fibpes]of which the inferior or more 
superficial are continuous mth those of the anterior pyra- ^ 
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midal tracts of the medulla ohli^gata, aud the superior or 
deeper hbres with the lateral and posterior pyramidal tracts, 
.and with the olivary fasciculus. Besides these hbres ironi 
the medulla oblongata^ are others from the cerebellum aud 

Fig, 145.* 



some of the latter as well as a part of the fibres derived 
from the lateral tract of the medulla oblongata^ decussate 
across the middle line. 

* Fig. 145. Base of the bi-aiii (from Quain). 4. — i, superior longi- 
tudinal iissurc ; 2, 2", anterior cerebral lobe ; 3, fissure of Sylvius, 

between anterior and 4, 4', 4", middle cerebral lobe; 5, 5', posterior 
lobe ; 6, medulla oblongata ; the figure is in th^ right anterior pyra- 
mid ; 7» 8, 9, 10, the cerebolluin ; +, the inferior vermiform process. 
The figures from I. to IX. ard placed against the correspCnding 
cerebral nerves ; JU. is placed on ti^^right crus cerebri ; VI; and VII. 
on the pons Varolli ; X. the first cerv&al or subbcoipita)! ,tova ' 
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On their upper part the crum cerebri bear three pairs 
of small ganglia, pr masses of mingled grey and white 
^nerve-substance, namely, the corpora getiiculata eocterna 
and interna f and the corpora qnadrigernina, or nates and testes. 
And in their onward course to the cerebrum, the fibres of 
each crus cerebri pass through two large ganglia, the optic 
thalamm and corpus striatum^ and in their substance come 
into connection with variously-shaped masses and layers 
of grey substance. Whether all the fibres of the crura 
cerebri end in the grey matter of these two ganglia, while 
others start afresh from them to enter the cerebral hemi- 
spheres ; or whether some of the fibres of the cnira pass 
through them,* while only a portion can be strictly said to 
have their termination there, must remain at present 
undecided; the difficulties in the way of solving such an 
anatomical doubt being at present insuperable. 

Each crus cerebri contains among iis fibres a mass of 
vesicular substance, the locus niger, the nerve-corpuscles of 
which abound in pigment-granules, and afford some of the 
best instances pf the caudate structure. 

With regard to their functions, the crura cerebri may 
be regarded as, principally, conducting organs. As nerve- 
centres they are probably connected witli the functions of 
the third cerebral nerve, which arises from the locus niger, 
and through which are directed the chief of the numerous 
and complicated movements of the eyeball and iris. 

From the result of vivisection it appears that when one 
of the crura cerebri is cut across, the -animal moves round 
and round, rotating around a vertical axis from the injured 
towards the spund side. Such movements, however^ attend 
the sections of other parts than the crura cerebri: 
and as indications of the functions of these parts, the 
results of such experiments have been hitherto almost 
valueless. 

« » 

' « 

Corpora Quadrigemina . — Ite (^^ora quadrigomina (from 
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which, in function, the cor/?ar» genicidata are not distin- 
f^uished), are the homologues of the optic lobes in birds, 
Amphibia and fishes, and may be regarded as the x^riu- 
cixjal nervous centres for the sense of sight. The exx)eri- 
ments of Flourens, Longet, and Her twig, show that 
removal of the corpora quadrigemina' wholly destroys the 
power of seeing ; and diseases in which they arc disor- 
ganized are usually accompanied with blindness. Atrophy 
of them is also often a consequence of atrox>hy of the eyes. 

Destruction of one of the corpora' quadiigemina (or of 
one optic lobe in birds), xjroduces blindness of the oppo- 
site eye. 

This loss of sight is the only apparent injury of 
sensibility sustained by the removal of the corpora quad- 
rigemina. The removal of one of them affecjts the move- 
ments of the body, so that animals rotate, as after division 
of the crus cerebri, only more slowly : but this is probably 
due to giddiness and partial loss of sight. The more 
evident and direct influence is that produced on the iris. 
It contracts when the corpora quadrigemina are irritated : 
it is always dilated when they are removed : so that they 
may be regarded, in some measure at least, as the nervous 
centres governing its movements, and adax)ting them to 
the impressions derived from the retina through the optic 
nerves and tracts. 

Concerning the functions, taken as a whole, discharged by 
the olfactory and optic lobes, the grey substance of the pons 
the corpora striata and ox)tic thalami (6, d, fig. 146), with 
some olher centres of grey matter not so distinct, such as the 
grey niatter on the floor of the fourth ventricle with which 
the auditory nerve is connected, the most philosophical 
theory is undoubtedly that which has been so ably enun- 
ciated by Dr. Carpenter. He supposes these ganglia Jto 
constitute the real sensorium; that is to say^^it is by means 
of them that the mind beconies conscious of impressions 
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made on the organs or tissues with, which (by means of 
Fig. 146.* 



* Fig. 146. DiSvSuctioii of brain, from above, exposing the lateral, 
fourtli, and fifth ventricles, with the surrouinling parts (from Hirseh- 
IVld and Leveilld). — a, anterioFt part, or genu of corpus callosum ; 
If corpus striatiun ; 6', the corpus striatum of left side, dissected so a.s 
to expose its grey substance ; c, jxnnts by a line to the tanda sernicu- 
laris ; df optic thalamus ; c, anterior pillars of fornix divided ; Mow 
they are .seen descending in front of the third ventricle, and between 
them is seeji part of the anterior commissure ; in front of the letter e 
is seen the slit-like fifth ventricle, between the two laminae of the 
septum lucid um ; /, soft or middle commissure ; gin pkced in the pos- 
leiiov part of the tliird ventricle ; immediately bebin 4 the latter are 
tae posterior cdmmissdi'e (just visible) and the pineal gland, the two 
etttra of which extend forwards alon^ the inner and upper margins of 
the optic Thalami ; h and the corpora ipiadrigemina. ; h, superior 
Cl us., of cercbellmUi ; closo to k is the valve of Vieuasens, which has 
bjien divided so as to expose tlie fourth ventricle ; I, hippocampus 
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nerve-fibres) tliey are in communication. Tims impres- 
sions made on tho optic nerve, or its expansion: in the 
retina, are conducted by the fibres of the optic nerve to 
the corpora quadrigemina, and through the medium of 
tliose guri^lia, the mind becomes conscious of the impres- 
sion made. And impressions on the filaments of the 
olfactory or, auditory nerve are in the same way perceived 
through the medium of tlie olfactory or auditory ganglia, 
to whi(ih tliey are first conveyed. Tho optic thalami and 
cor2>ora striata ^^robably have some function of a like kind 
— perhaps in relation to ordinary sensatiouj, but nothing is 
certainly known regarding them. 

liosides tlieir functions, however, as media of communi- 
cation bot^^’eon the mind and external objects, these sensory 
{yniyJin, as tliey are termed, are probably the nerve-centres 
by means of which those reflex acts are j)erformed which 
require either a higher combination of muscular aijts than 
can be diroc^ted by means of the medulla oblongata or 
^2)iual cord alone, or on the other hand, such reflex actions 
UvS require for their right performance the guidance of 
sensation. Under this head are included various acts, as 
walking, reading, writing, and the like, which wo are 
accustomed to consider voluntary, but which really are as 
incapable of being performed by distinct and definite acts 
of tlie will as are those more simple movements of which 
we are not conscious, and which, performed under the 
guidance of the spinal cord or medulla oblongata alone, 
we call simple reflex actions. It is true that in the per- 
formance of such acts as those just-mentioned, a certain 
exercise of the wiU is required at the commencement, but 
that the carrying out of its mandates is essentially reflex 

major and corpus fimtiriatum, or tjenia hippo«¥unpi ; m, hippocampus 
minor ; w, eminentia collateralis ; o, fourth ventricle ; p, posterior 
siiiface of medulla oblongata; r,® section of cerebellum ; s, upper part 
of left hemisphere of cerebellum exposed by the removal of pait of tho 
posterior cerebral lobe. ' , 
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and involuntary, anyone may convince himself by trj’in^ 
to perform each individual movement concerned, strictly 
as a voluntary act. ' 

That such movements are reflex and essentially inde- 
pendent — as regards their mere production — of the will, 
there is no doubt : that the nerve-centres through which 
such reflex actions are performed are the so-called sensory 
ganglia, is, of course, only a theory whi(ih may or not be 
colifirmed by future invesflgations. 

Besides their possible functions in the manner just men- 
tioned, it is suppased that thesi^ seASory. ganglia may be 
the means of transmitting the impulses of the will to the 
muscles, which act in obedience to it, and thus be the 
centres of reflex action as well for impressions conveyed 
downwards to them *from the cerebral liemispheres, as for 
impressions caixiod vp wards to them by tlie dillerent nerves 
which preserve their connection with the organs of the 
various senses. 

STRUCTUBK AND TIIYSIOLOGY OF THE CEKKBELLUM. 

The cerebellum (7, 8, 9, lO, fig. 147) is composed of an 
elongated central x>ortion called the vermiform processes, 
and two hemispheres. Each hemisphere is connected wdth 
its fellow, not only by means of tlie vermiform, processes, 
but also by a bundle of fibres called the middle crus or 
peduncle (the latter forming the greater part of the pons 
Varolii), while a superior crus with the valve of Vieusseus, 
connects it with the cerebrum (fig. 147, 5)» inferior 

crus (formed by the prolonged restiform body) connects it 
with the medulla oblongata |47)* 

The cerebellum is composed o f white and greyjmatjer 
like that of the ceiebrum, but arranged after a different 
fashion as shown in fig. 147. ^ , 

Besides the jgrey substances on the surface, however, 
lher& is near the centre of the white substance of each 
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hemisphere, a small capsule of grey matter called the 
c^xis dmta Um. (fig- 148, cd\ resembling very closely the 


F/r/. 147.*. 



corpm deniatum of the olivary body of the medulla oblon- 
gata (fig. 148, o). 

The physiology of the cerebellum may be considered in 
its relation to sensation, voluntary motion, and the instincts 
or higher faculties of the mind- It is itself insensible to 
irritation, and may be all cut away without eliciting signs 


* Fig. 147. View of cerebellum in section ami of fourth ventricle, 
with the neighbouring parts (from Sappey after Hirschfeld and Le- 
vcill^). I* median groove of fourth ventricle, ending below in the 
calamus scriptorius^ with the longitudinal emineiicea formed by the 
f^nsciculi tC 7 *ctes one on each side ; 2, the same groove, at the place 
whore the white streaks of the* auditory nerve emerge from it to cross 
the floor of the ventricle; 3, inferior crus or peduncle of cere- 
liellum, formed by the restiform body ; 4, posterior pyramid ; above 
this is the calamus scriptorius ; 5, superior crus of cerebellum, or pro- 
^ssus a cerebello ad cerebrum (or ad testes) ; p, 6, fillet to the side of 
the crura cerebri ; 7, 7, lateral greaves of the. crura ?evebri ; 8, corpora 
quadrigemiuiu 
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of pain (Longet). Yet, if any of its crura bo touched, pain 
is indicated; and, if the restiform tracts of tho medulla 
oblongata be irritated, the most acute suffering appears to 
be produced. Its removal ^ {^organization by disease is 
also generally unaoc*.oinpanied with loss or disorder pf 
sensibility ; animals from -which it is removed can smell, 
see, hear, and feel pain, to all appearance, as perfectly as 
* 

. iVr/. 148. 



before (Plourens; ^fagendie). So that, although the resti- 
form tracts of the medulla oblongata, which themselves 
appear so sensitive, enter the cerebellum, it cannot be re- 
garded as a princiipal organ of sensibility. 

In reference to motion, the experiments of Longet and 
most others agree that no irritation. of ^ the cerebellmn 
produces movement of any kind, llemarkable rosnlrs, 

* Fif;. 148. Outline sketch of a section of the cerebellum showing 
the corpus denta turn (from Quain). %, — Tho section has been earned 
tlirough tlie left lateral part of the pons, so fis to divide the suj>erior 
I>edunclc and pass nearly through the middle of the left cerebellar hemi-. 
sphere. Tho olivary body has also been divided longitudinally so as to 
expose in section its corpus dentatum. cr, crus cerebri ; /, fillet ; (j, 
corpora qumliigeniina ; 5^?, superior peduncle of the cerebellum divided; 

middle pedimcle or lateral part of the pons Varolii, with fibres 
;pas<4mg from it into .*:h^ white stem ; m\ continuation of the white stern* 
radiating towards tjie arbor vitau of the folia ; c d, corpus dentatum ; 0, 
olivary body with its corpus dentatum ; p, anterior pyramid. 
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however, are produced by removing parts of its substance. 
ITourens (whose experiments have been abundantly con- 
firmed by those of Jlouillaud, Longet, and others) extir- 
pated the cerebellum in birds by successive layers. Feeble- 
ness and want of harmony of tl^e movements were the 
consequence of removing tlie su2>erficial layers. When lie 
reached the middle layers, the animals became restless 
•\vithout being convulsed; their movejnents wore violent 
find irregular, but their sight and hearing were jierfeet. 
By the time that the last x><>rtion of the organ was cut 
away, the animals had entirely lost the iiowers of spring- 
ing, flying, walking, standing, and preserving their equi- 
librium. Wfien an animal in this state was laid upon its 
back, it could not recover its former posture; but it 
fluttered its wings and did not lie in a state of stupor ; it 
saw the blow that threatened it, and endeavoured to avoid 
it. Volition, sensation, dnd memory, therefore, were notj 
lost, but merely the faculty of combining the actions of the I 
muscles ; and the endeavours of the animal to maintain its # 
balance were like those of a drunken man. 

The experiments afforded the same results when repeated 
on all classes of animals ; and, jfroin them and tlie others 
before referred to, Flourens inferred that the cerebellum 
belongs neither to the sensitive nor the intellectual appa- 
ratus ; and that it is not tlie source of voluntary movements, 
although it belongs to the motor-apparatus; but is the 
organ for the co-ordination of the voluntary movements^ or 
lgrj;he excitement of the combined action of muscles. 

Such evidence as can be obtained, from cases of disease of 
this organ confirms the view taken by Flourens ; and, on . 
the whole, it gains support from comparative anatomy; 
animals whose natural movements require most frequent 
and exact combinations of muscular -actions being those 
whose cerebella are most developed in proportion to the 
spinal cord. '* ^ 

M. Foville holds that the cerebellum is the orgafi of 
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' wmsc«/a7*,^ns<?, i.e., the organ by which the mind acquires 
that knowledge of the actual state and position of the 
muscles which is essential to the exercise of the will upon 
them; and it must admitted that all the facts just 
referred to are as well explained on this hypothesis as on 
tliat of the cerebellum being the organ for combining 
movements. A harmonious combination of muscular 
actions must depend as much on the capability of apprO' 
ciating tlie condition of '"the muscles with regfird to their 
tension, and to the forC/C with which they are contracting, 
as on the po^yer which any special nerve-centre may possess 
of exciting them to contraction. And it is because the 
power of such ‘ harmonious movement would be equally 
lost, whether the injury to the cerebellum involved injury 
to thef seat of muscular sense, or to the centre for com- 
bining muscular actions, that experiments on the subject 
afford no proof in one direction more tlian the other. 

Gall was led to believe, that tlie cerebellum is the organ 
of physical love, or, ’as Spurzheim called it, of amativeness ; 
and this view is generally received by phrenologists. The 
facts favouring it arc, first, several cases in which atrophy 
of the testes and loss of sexual passion have been the 
consequence of. blows over the cerebellum, or wounds of its 
substance ; secondly, cases in which disease of the cere- 
bellum has been attended with almost constant erection of 
the penis, and frequent seminal emissions; and thirdly, 
that it has seemed possible to estimate the degree of sexual 
passion in different persons by an external examination of 
the region of the cerebellum. 

The cases . of disease of the cerebellum do not proVe 
much ; for the same affections 6f the genital organs are 
more generally observed in diseases, and in experimental 
irritations of the medulla oblongata and upper part of the 
spmal cord (Longet). 

, 1 . tShe facts drawft from craniological examination will 
* the credit given to the* system of which they are a 
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principal evidence. But, in opposition to them, it must be 
stated that there has been a case of complete disorganiza- 
tion or absence of the cerebellum without loss of sexual 
passion (Combiette, Longet, and Cruveilhier) ; that the 
cocks from whom M. Plourens removed the cerebellum 
showed sexual desire, though they were incapable of 
gratifying it; and that among animals there is jao pro- 
portion observable between the size of the cerebellum and 
the development of the sexual passion. On the con*- 
trary, many instances may be mentioned in which a larger 
sexual appetite . co-exists with a smaller cerebellum ; as 
e.g,, that rays and eels, which are among the fish that 
copulate, have not laminae on their almost rudimental 
cerebella; and that cod-fish, which do not copulate, but 
deposit their generative fluids in the "water, have com- 
paratively well-developed cerebella. Among the Amphibia, 
the sexual passion is apparently very strong in frogs and 
toads ; yet the cerebellum is only a narrow bar of nervous 
substance. Among birds there is no enlargement of the 
cerebellum Jn the males that are polygamous ; the domestic 
cock’s cerebellum is not larger than the hen’s, though his 
sexual passion must be estimated at many times greater 
than hers. Among Mammalia the same rule holds ; and 
in this class the experiments of M. Lassaigne have plainly 
shown that the abolition of the sexual ' passion by removal 
of the testes in early life is not followed by any diminu- 
tion of the cerebellum; for in mares and stallions the 
average absolute weight of the cerebellum is 61 grains, 
and in geldings' 70 grains ; and its proportionate weight, 
compared with that of the cerebrum, is, on average, as 
I : 6-59 in mares; as I : 5*97 in geldings, and only as 
I : 7*07 in atallions. 

On the whole, therefore, it appears adyisable to wait for 
more evidence before concluding that there is any peculiar 
and direct connection between the cerebellum and the 
* sexual instinct or sexual ptosion. From 1 all that has 
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been observed, no other office is manifest in it than that 
of regulating and combining jnu8cular„inqvopaenj^^ or of 
enabling them to be regulated and combined by sb inform- 
ing the mind of the state and position of the muscles that 
the will may be definitely and aptly directed to tliem. 

The influence of each half of the cerebellum is directed 
to museles on the opposite side of the body ; and it would 
appear that for .the right ordering of movements, the 
.actions of its two halvesTmust be always mutually balanced 
and adjusted. For if one of its crura, or if the pons on 
either side of the middle line, be divided, so as to cut off 
from the medulla oblongata and spinal cord the inlluenee 
of one of the* hemispheres of tho cerebellum, strangely 
disordered movements ensue. The animals fall down on 
the side opposite to that on which the crus cerebelli has 
been divided, and then roll over , continuously and re- 
peatedly ; the rotation being always round the long axis 
of their bodies, and from the side on which the injury has 
been inflicted.* The rotations sometimes take place with 
much rapidity; as often, according to M. Magendie, as 
sixty times in a minute, and may last for several days. 
Similar movements have been observed in men ; as by 
Serres in a man in whom there was apoplectic effusion in 
the right crus cerebelli; and byM. Belhomme in a woman, 
in whom an exostosis pressed on the left crus.f They 


* Magendi« and Miiller, and others following hiin, say the rotation 
is towards the injared side ; but Longet and others more c<>iTCbtiy give 
the statement as in the text. The difierence has proliably arisen iVoin 
using the words HgJtt and left^ without saying whose right and left aro 
meant, whether those of the observer or those of the observed. When, 
example, on aiiiinars right crus cerebelli is divided, he rolls from liis 
own right to his owif left, but from the left io the right of dhe who is 
standing in tent of him. 

1 ; Bee such eases <Si»Uected and recorded by Dr. Paget in tho Ed. Med. 
ami Surg, Jounfal for 1847. 
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may, perhaps, be explaiued by assuming that the division 
or injury of the crus cerebelli produces paralysis or 
imperfect and disorderly movements of the opposite side 
of the body; the animal falls, and then, struggling with 
the disordered side on the ground, and striving to rise with 
the other, pushes itself over; and so, again and again, 
witli the same act, rotates itself. Such movements cease 
when the other crus cerebelli is divided; ‘but probably only 
because the paralysis of the body is thus made almos’t 
complete. 

BTlinCTUIlE AND rnysioDOOY or the ceeebkum. 

% 

The cerebrum is placed in connection with the pons and 
medulla oblongata by its two crura or jpcdunclea (fig. 149) : 
it is connected with the cerebellum, by the processes called 
superior crura of the cerebellum, or processus a cerebcllo ad 
testes, and by a layer of grey matter, called the valve of 
VieuBsenSy which lies between these processes, and extends 
from the inferior vermiform process of the cerebellum to 
the corpora quadrigemina of tho cerebrum. These parts, 
which thus, connect the cerebrum with the 'otlier princi'- 
pal divisions of the cerebro-spinal nervous centre, form 
I)art8 of the walls of a cavity (the fourth ventricle) and a 
canal (the iter, a tertlo ad quartum uentriculum), which are 
the continuation of tho canal that in sthe foetus extended 
through the whole length of the spinal cord and brain. 
They may, therefore, be regarded as jthe continuation of 
the cerebro- spinal axis or column; on which, as a develop* 
ment from the simple type, the cerebellum is' placed .; and, 
on the further continuation of which, structures both larger 
and more numerous are raised, to form the cerebrum 
(fig. 142). 

The cerebral convolations appear to be fdrmed of nearly 
parallel plates of fibres, the ends of x<!hich are turaed 
towards ^e surface of the%rain, and are overlaid 'add 
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mingled with successive* layers of grey nerve-substance. 
The external grey matter is so arranged in layers, that a 
vertical section of a convolution, according to Mr. Lockhart 

Fig. 149.* 



Clarko, generally presents the appearance of seven layers 
of pale and' dark nervous substance. The structicre of tlie 
grey matter is that which belongs to vesicular nervous 
substance (p. 473). 

Jxt is nearly certain that the cerebral hemispheres are 
the organ by which, — isf, we perceive those _dear^nd 
more impressive sensations which we can retain, and 


* Fig.. 149. Plan in outline of the enceplxalon, as seen from the right 
side. (From Quain). — The parts are represented as separated from 

ofte another somewh^ more than natural, so as to show their connec- 
tions. A, cerebmin ; /, g, h, its anterior, middle, and posterior lobes ; 
e, fissure of iSylvius; B, cerebellnni; 0 , pons Yarolii; D, medulla 
oblongata ; a, peduncles of the cerebrum ; d, superior, middle, 
aM infeVior peduncles of the cer^ebellum, 
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according to which we can judge; 2 ndlyy by which arej 
performed those acts of sriU, each of which requires al 
deliberate, however quick, determination ; 3rd/?/, they are \ 
the means of retaining impressions of aenaible things, and i 
reproducing them in subjective sensations and ideas; 
4 thhjj they are the medium of the higher emotions and 
feelings, and of the faculties of judgment, understanding, 
memory, reflection, induction, and imagination, and others 
of a like class. 

The evidences that the cerebral Iiemis2)here8 have the 
functions indhjated above, are chiefly these : — I. That any 
severe injury of them, such as a general concussion, or 
sudden pressure by ax)oplexy, may instantly deprive a 
man of all power of manifesting externally any mental 
faculty. 2 . That in the same general i)roportion as the 
liigher sensuous mental faculties are developed in the 
vertebrate animals, and in man at different ages, the more 
is the size of the cerebral hemispheres develoj)ed in com- 
parison with the rest of the cerebro-spinal system. 3. That 
no other part of the nervous system bears a corresponding 
proportion io the development of the mental faculties. 
4. That congenital and other morbid defects of the cerebral 
hemisphere are, in general, accompanied with correspond- 
ing deficiency in the range or power of the intellectual 
faculties and the higher instincts. 

liespecting the mode in which the brain discharges its 
functions, there is no evidence whatever. Hut it appears 
that, for all but its highest intellectual acts, one of the 
cerebral hemispheres is sufficient. For numerous cases 
are recorded in which no mental defect was observed, 
although one cerebral hemisphere was so disorganised or 
atrophied that it could not be supposed capable of dis- 
charging its functions. The remaining hemisphere was, 
in Ifbese eases, adequate to* the functions generally dis- 
charged by both ; but the n^ind does not seem in aiiy of 
these oases to have been ^tcd in very high intellectual 
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exercises j so that it is not certain that one hemisphere 
will suffice for these. In general, the mind combines, as 
one sensation, the impressions which it derives from one 
object through both hemispheres, and the ideas to which 
the two such impressions give rise are single. 

In relation to common sensation and the effort of the' 
will, the impressions to and from the hemispheres of the 
brain are carried acrosg the middle line ; so that in destruc- 
tion or compression of either hemisphere, whatever effecjts 
are produced in loss of sensation or voluntary motion, are | 
observed on the side of the body opposite to that on which v 
the brain is injured. 

In speaking of the cerebral liemispheres as the so-called 
organs of the mind, they have been regarded as if they 
were single organs, of which all parts are equally appro- 
priate for the exercise of each of the mental faculties. But 
it is possible that each faculty has a special portion of the 
brain appropriated to it as its proper organ. For this theory 
the principal evidences are as follows : — i. That it is in 
accordance with the jdiysiology of the other compound 
organs or systems in the body, in which each part has its 
special function ; as, for example, of the digestive system, 
in which the stomach, liver, and other organs perform each 
iheir separate share in the general process of the digestion 
of the food.. 2., That in different individuals the several 
mental functions are manifested in very different degrees. 
Even in early childhood, before education can be imagined 
to have exercised any influence on the mind, children 
exhibit various dispositions — each presents some predomi- 
nant propensity, or evinces a singular aptness in some 
study or pursuit; and it is a matter of daily observation 
that every one has his peculiar talent or propensity. But 
it is difficult to irnd^gine how this could be the case, if the 
manifestation of each faculty depended on the whole of the 
Kmin : cemditions the whole mass might affect 

the mind generally, depressing or exalting all its functions 
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in an equal degree, but could not permit one faculty to 
be strongly and another weakly manifested. 3. The 
plurality of organs in the brain is supported by the phe- 
nomena of some forms of mental derangement. It is not 
usual for all the mental faculties in an insane person to be 
equally disordefcd ; it oftez^ happens that the strength of 
some is increased, while that of others is diminished ; and 
in many cases one function only of the blind is deranged, 
while all the rest are performed in a natural nnanner. 4*. 
The same opinion is supported by the fact that the ^voral 
mental faculties are developed to their greatest strength at 
different periods of life, some being exercised with great 
energy in childhood, others only in adult age ; and that, 
as their energy decreases in old age, tliere is not a gradual 
aud equal diminution of power in all of *them at once, but, 
on the contrary, a diminution in one or more, while others 
retain their full strength, or even increase in power. 5 . 
The plurality of cerebral organs appears to be indicated 
by the phenomena of dreams, in which only a part of the 
mental faculties are at rest or asleep, while the otliers 
are awake, and, it is presumed, are exercised through 
the medium of the parts of the brain appropriated to 
them. 

These facts have been so illustrated and adapted by 
phrenologists, that the theory of the plurality of organs 
in the cerebrum, thus made probable, has been commonly 
regarded as peculiar to phrenology, and as so essentially 
connected with it, that if the system of Gall and Spurzheim 
be untrue, this theory cannot be maintained. But it is 
plain that all the system of phrenology built upon the 
theory may be false, and the theory itself true ; for phre- 
nologists assume, not only this theory, but also that they 
have determined all the primitive fateilldes, of which the 
mind consists, Le., all tli^ faculties to which special 
organs must be assigiaed,^^,and the places* of all those 
organs in the cerebral hemispheres and the Cerebellum. 
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That this is a system of error there need he no doubt, 
hut it is possibly founded on a true theory: the cere- 
brum may have many organs, and the mind as many 
faculties ; but what are the faculties that require separate 
organs, and where those organs are situate, are subjects 
of which only the most general and rudimentary know- 
ledge has been yet attained. 

From the appalrently greater frequency of interference 
with the facility of speech in disease of the left than of the 
right Mf Of the cerebrum, it has been thought that the 
nerve-centre for language^ including in this term all intel- 
lectual expression of ideas, is situate in tlie left cerebral 
hemisphere. It cannot be said, however, that the existing 
evidence for this theory is at present sufficient to have 
established it. 

Of the physiology of the other parts of the brain, little 
or nothing can be said. ' 

Of the ofidees of the corpm callosum, or great transverse 
and oblique commissure of the brain, nothing positive is 
known. But instances in which it was absent, or very 
deficient, either without any evident mental defect, or with 
only such as might be ascribed to coincident affections of 
other parts, make it probable that the office which is com- 
monly assigned to it, of enabling the two sides of the brain 
to act in concord, is, exercised only in the highest acts of 
wliich the mind is capable. And this view is confirmed 
by the very late period of its development, and by its 
absence in all but the placental Mammalia.^ 

To the fornix and other commissures no special function 
can be assigned; but it is a reasonable hypothesis’ that 
they connect the action of the parts between which they 
are severally placed. 

* See cases of congfmital deficieEtey of the corpus caUosuin, by Mr. 
Paget and Mr. Henry, in the twenty-ninth and thirty-first volumes of 
the ^Medico- Cliinirgical Transactions. 
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As little is known of the function of the pineal and 

Fig, 150.* 



* Fig. 150. View of the corpus callosum from above (from Sappey 
after Foville). J.— The upper surface of the corpus callosum has been 
fully exposed by separating the cerebral hemisidieres ami throwing them 
to the side ; the' gyrus fornicatus has been detached, and the transveise 
fibres of the corpus callosum traced for some distance into the certibrul 
medullary substance, i, the upper surface of the corpus callosum ; 2, 
median furrow or raphe ; 3, longitudinal stria* bounding the furrow ; 
4, sw"elling formed by the transverse bands as they pass into the cere- 
brum ; 5, anterior extremity or knee of the corpus callosum ; 6, posterior 
extremity ; 7, anterior, and 8, posterior part o£ the mass of fibres pro- 
ceeding from the corjms callosum ; 9, margin of the swelling ; 10, ante- 
rior part of the convolution of thf corpus callosum ; ii, hem or band 
of union of this convolution ; internal convolutions of the parietal 
lobe ; 13, upper surface of the i 
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l)ituitary glands. The latter has been snp£)08ed, from its 
microscopic structure, to be rather a ductless gland (p. 410) 
than a nervous organ. 


IMITSIOLOOT OF THE CEKEBEAL AND SPINAL NERVES. 

The cerebral ne^ves^are commonly enumerated as nine 
' pa'irs; but the number is in reality twelve, the seventh nerve 
consisting, as it does, of two nerves, and the eighth of three. 
These and the spinal nerves, of which there are thirty-one 
pairs, symmetrically arranged on each side^ of what, re- 
duced to its simplest form, may be regarded as a column 
or axis of nervous matter, extending from the olfactory 
bulbs on the ethmoid bone to the Jilum terminale of the 
spinal cord in the lumbar and sacral portions of the ver- 
tebral ceual. The spinal nerves all present certain cha- 
racters in common, such as their double roots j the isolation 
of the fibres of sensalipn in the posterior roots, and those 
of motion in the anterior roots ; the formation of the gan- 
glia on the posterior root ,* and tlie subsequent mingling 
of the fibres in trunks and branches of mixed functions. 
Similar charrfcters probably belong essentially to the cere- 
bral nerves ; but even when one includes the nerves of 
special sense, it is not possible to discern a conformity of 
ariangement in any besides the fifth, or trifacial, which, 
from its many analogies to the spinal nerves, Sir Charles 
Bell designed as a spinal nerve of the head. 

According to their several functions, the cerebral or 
cranial nerves may be thus arranged : — 


of special sense • Olfoctoiy, optic, auditoiy, part of the glosso- 
pharyngeal, and the lingual brfuich of the 
fifth.. • , 

,, .bf cortimon acaiation. The greater portion of the fifth, and part ot 
the glosso-^phsryngeal. 
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Nerves of motion . . I’liinl, foTirtli, lesser division of tlio fifth, 

sixth, facial, and liypof^lossal. 

Mixed nerves .... Piicumogastric, and accessory. 

The physiology of the several nerves of the special senses 
will be considered with the organs of those senses. 

riujsiolngy of the Third, Fourth, and Sixth Cerebral or 
Cranial Nerves, 

Tlie pliysiology of these nerves may be in some degree 
coinbiuod, because of their intimate connection with each 
otlier in the actions of the muscles of the eyeball, wdiicli 
tlipy supply. They are probably all formed exclusively of 
niotor fibres : some pain is indicated when the trunk of the 
third nerve is irritated near its origin*; but this may be 
because of some filaments of the fifth nerve running back- 
"wards to the brain in the trunk of the third, or b(;cause 
adjacent sensitive parts are involved in the irritation. 

The third nerve, or motor oculi, supplies the levator 
palpebrco superioris muscle, find, of the muscles of the eye- 
ball, all but the superior oblique or trochlearis, to which 
the fourth nerve is appropriated, and the rectus extemus 
which receives the sixth nerve. Through the medium of 
the ophthalmic or lenticular ganglion, of which it forms 
what is called the short root, it also . supplies the motor 
filaments to the iris. 

When the tliird nerve is irritated within the skull, all 
those muscles to which it is distributed are convulsed. 
When it is paralyzed or divided, the following effects 
ensue : first, the upper eyelid can be no longer raised by 
the ICvator palpebrm, but drops and remains gently closed 
over the eye, under the unbalanced influence of the orbi- 
cularis palpebrarum, which is supplied By the facial nerve ; 
secondly, the i^iye is turned, outw^ds by the unbalanced 
action of the rectus exteruijs, to which the ^th nerve is 
appropriated : and hence, from the irregularity bf the axes 
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of the eyes, double -sight is often experienced when a single 
object is within view of both the eyes : thirdly, the eye 
cannot be moved either upwards, downwards, or inwards ; 
fourthly, tlie pupil is dilated. 

The relation of the third nerve to the iris is of peculiar 
interest. In ordinary circumstances the contraction of the 
iris is a reflex acticai, which may be explained as produced 
by the stimulus of ligl\f on the retina being (jonveyed by 
tEo optic nerve to the brain (probably to the corpora 
quadrigemina), and thence reflected through, the third 
nerve to the iris. Hence the iris ceases to act when either 
the optic or the third nerve is divided or ^destroyed, or 
when the corpora quadrigemina are destroyed or muclt 
compressed. Hut wdien the optic nerve is divided, the 
contraction of the iris may be excited by irritating that 
portion of the nerve which is connected with the brain ; 
and when the third nerve is divided, the irritation of its 
distal portion will still excite contraction of the iris in 
which its fibres are 'distributed. 

The contraction of the iris thus shows all the character 
of a reflex act, and in ordinary cases requires the concurrent 
action of the optic nerve, corpora quadrigemina, and ‘third 
nerve; and,* probably also, considering the peculiarities of 
its perfect mode of action, the ophthalmic ganglion. But, 
besides, both irideawill contract their pupils under the 
reflected stimulus of light falling only on one retina or 
under irritation of one optic nerve. Thus, in amaurosis of 
one eye, its pupil may contract when the other eye is ex- 
posed to a stronger light : and generally the contraction of 
each of the pupils appears to be in direct proportion to the 
total quantity of light which stimulMes either one or both 
retime, according as one or both eyes are open. 

The iris acts^lsd in association with certain other mus- 
cles supplied by ttie third nerve : thus, when the eye is 
dii^oted inwaids, or upwards and inwards, by the action 
of the third nerve distributed in the rectus internus and 
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rectus superior, the iris contracts, as if under direct volun- 
tary influence. The will cannot, however, act on the iris 
alone through the third nerve; hut this aptness to contract 
in association with the other muscles supplied by the third, 
may be sufficient to make it act even in total blindness and 
insen sibili<iy of the retina, whenever these muscles are 
contracted. The contraction of the pupils, when the eyes 
are moved inwards, as in looking at a near object, has 
probabl}^ the purpose of excluding those outermost rays of 
light which would be too far divergent to be refracted to 
a clear image on the retina ; and the dilatation in looking- 
straight forwards, as in looking at a distant object, permits 
tlie admission* of the largest number of rayS, of which none 
are too divergent to be so refracted. 

The fourth nerve, or Nervus trochlearis or patheticus, is 
exclusively motor, and supplies only the trochlearis or 
obliquus superior muscle 0} the eyeball. 

» 

The sixth nerve, Nervus abduceiis or ocularis ecetermts, is 
also, like the fourth, exclusively motor, and supplies only 
the rectus extemus muscle.* The rectus extemus is, 
therefore, convulsed, and the eye is turned outwards, when 
the sixth nerve is irritated; and the muscle paralyzed 
when the nerve is disorganized, compressed, or divided. 
In all such cases of paralysis, the eye squints inwards,, 
and cannot be moved outwards. 

In its course through the cavernous sinus, the sixth 
nerve forms larger communications with the sympathetic 
nerve than any other nerve within the cavity of the skull 
does. But the import of these communications with the 
sympathetic, and the subsequent distribution of its fila* 

* In several animals it sends ^aments to the iris (Radclyffe Hall) ; 
and it has probably done so in maif, in some instances in which the iris 
lias not been paralyzed, while the other parts supplied by the third 
nerve ^Grant). ^ , , 
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ments after joining the sixth nerve, are quite unknown ; 
and there is no reason to believe that the sixth nerve is, iu 
function, more closely ^connected with the sympathetic 
than any other cerebral nerve is. 

The question has often suggested itself why the six 
muscles of the eyeball should be supplied by three motor 
nerves when all of them are within reach of the branches 
of one nerve ; and, the true explanation w'ould have more 
interest than attaches to the movements of the eye alone ; 
since it is probable that wo have, in this instance, within 
a small space, an example of some general rule according 
to which associate or antagonist muscles are supplied with 
motor nerves. 

Now, in the several movements of the eyes, we sometimes 
have to act wdth symmetrically -placed muscles, as when 
both eyes are turned upwards or downwards, inwards or 
outwards.* All the symmetrically-placed muscles are sup- 
plied with symmetrical nerves, i.e,, with corresponding 
branches of the same nerves on the two sides ; and the 
action of these symmetrical muscles is easy' and natural, 
as we have a natural tendency to symmetrical movement 
in most parts. Hut because of this tendency to symme- v 
trical movements of muscles supplied by symmetrical | 
nerves, it would appear as if, when the two eyes are to be 
moved otherwise than symmetrically, the muscles to effect | 
such a movement must be supplied with different nerves. 
So, when the two eyes are to be turned towards one side, 
say the right, by the action of the rectus extemus of the 
right eye and the rectus internus of the left, it appears as 
if the tendency to action through the similar branches of 
oorrespohding nerves (which would move both eyes in- 
wards or outwards) were corrected by one of these muscles 

* It id Hometikes said, that the external recti cannot be put in 
action simultatieoualy^ yet tJxey ar« so when the eyes, having been 
bhth inwatds, are restored to the position whi<^h they have in 

straight forwards; 
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being supplied by tlie sixth, and the other by the third 
nerve. So with the oblique muscles : the simplest and 
easiest actions would be through branches of the corre- 
sponding nerves, acting similarly as symmetrical muscles ; 
but the necessary movements of the two eyes require the 
contraction of the superior oblique of one side, to be asso- 
ciated with the contraction of the inferior oblique and the 
relaxation of the superior oblique, of. the opposite side. 
For this, the fourth nerve of one side is made to act wil?h 
a branch of the third nerve of the other ; as if thus the 
tendency to simultaneous action through the similar nerves 
of the two sides were prevented. At any rate, the rule of 
distribution oY nerves here seems to bo,* that when in 
frequent and necessary movements any muscle lias to act 
'■with the antagonist of its fellow on tko opposite side, it 
and its fellow’s antagonist are supplied from different* 
nerves. 

Phjjsiology of the Fifth or Trigeminal Nerve, 

llie fifth or trigeminal nerve resembles, as already 
stated, the spinal nerves, in that its branches are derived 
through two roots ; namely, the larger 'or sensitive, in 
connection with which is the Gasserian ganglion, and the 
smaller or motor root which has no ganglion, and which 
passes under the ganglion of the sensitive root to join the 
third brajich or division which issues from it. The first 
and second divisions of the nerve, which arise wholly from 
the largoi’ root, are purely sensitive. The third division 
being joined, as before said, by the motor root of the nerve, 
is of course both motor and sensitive. 

Through the branches of the greater or ganglionic por- 
tion of the fifth nerve, all the anterior and anterorlateral 
parts of the face and head,^ith the ex^ption of the skin 
of the parotid region (which derives branches from th^ 
cervical spinal nerves), acquire oomman sensibility; and 
ainong tl\ese parts may be includ^ the organs of special 
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sense, from which common sensations are conveyed tlirongh 
the fifth nerve, and their peculiar sensation through their 
several nerves of fepecial sense. The muscles, also, of tlie 
face and lower jaw acquire muscular sensibility through 
the filaments of the ganglionic portion of the fifth nerve 
distributed to them with tlieir proper motor hervi^, ^ 
Tlirough branches of the lesser or non-gangnbnic por- 
tion of the fifth, the muscles of masticatipn, namely, the 
temporal, masseter, two pterygoid, ^nt^or part' of the 
digastric, and mylo-hyoid, derive theif motor nervesl ;j;The 
motor function of these branches is proved by the violent 
contraction of all the muscles of mastication iii experi- 
mentfil irritation of the third, or inferior maitfillary, division 
of the nerve ; by paralysis of the same mhscles, when it is 
divided or disorganized, or from any reason deprived of 
power ; and by the retention of the power of these muscles, 
whpn all those supplied by the facial nerve lose their power 
through paralysis of that nerve. The last instance proves 
best, that though the buccinator muscle gives passage to, 
and receives some filaments from, a buccal b/anch of the 
« inferior division of the fifth nerve, yet it derives its motor 
power from the facial, for it is paralyzed together with the 
other muscles that are supplied by the facial, but retains 
its power when the other muscles of mastication are 
paraljzed. Whether, however, the branch of. the fifth 
nerve which is supplied to the buccinator muscle is entirely 
sensitive, or in part motor also, must remain for the present 
doubtfuh From the fact that this muscle, besides its other 
functions, acts in concert or harmony with th^ mudideiit, l^f 
mastication, in keeping the food between the teel&3'^ 
be supposed from analogy, that it would have a motor 
branch from the same neri^ that supplies them* There 
cau1)e no doubt, hpwever, that the so-called buccal' branch 
of the fifth, is, in the main, sensitive ; although it is not 
may not |;ive a few motor filamehts to 
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The sensitive function olf the branches of the greater 
division of the fifth nerve is proved by all the usual evi- 
dences, such as their distribution in parts that are sensitive 
and not capable of muscular contraction, the exceeding 
sensibility of some of these parts, their loss of sensation 
wiien the nerve is paralyzed or divided, the pain without 
convulsions produced by morbid or experimental irritation 
of the trunk or branches of the nerve, and the analogy of 
this portion of the fifth to the posterior root of the spinal 
nerve. 

But although formed of sensitive filaments exclusively, 
the branches of^ the greater or ganglionic portion of the 
fifth nerve exercise a manifold influence on the movements 
of tlie muscles of the head and face, and other parts in 
\vhich they are distributed. They do so, in the first place, 
by i)roviding the muscles themselves with that sensibility 
without which the mind, being unconscious of their position 
and state, cannot voluntarily exercise them. It is, pro- 
bably, for conferring this sensibility on the muscles, that 
the branches of the fifth nerve communicate so frequently 
with those of the facial and hypoglossal, and the nerves of 
the musdes of the eye ; and it is because of the loss of this 
sensibility that when the fifth nerve is divided, animals are 
always slow and awkward in the movement of the muscles 
of the face and head, or hold them still, or guide their 
movements by the sight of tlie objects towards which they 
wish to move. 

Again, the fifth nerve has^ m indirect influence on the 
muscular movements, b^conveying sensations of the state 
wd^ position of ihc skin and other p^ts : which the mind 
perceiving, is enabled to determine appropriate acts. Thus, 
when the fifth nerve or its infirarorbital branch is divided, 
the movements of the lips in feeding may cease, be im- 
perfect; a fact which led Sir Charles BelJ^* into one of the 
^vesgr few errors of his physiolbgy'm the neryes> He sup- 
posed that the motion of the upp^ lip, in grasping food, 
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depended directly on the infra-orbital nerve ; for lie found 
that, after he had divided that nerve on both sides in au 
ass, it no longer seized the food with its lij^s, but merely 
pressed them against the ground, and used the tongue for 
the prehension of the food. Mr. Mayo corrected this error, 
lie found, indeed, that after the infra-orbital nerve had 
been divided, the animal did not seize its food with the lip, 
and could not use" it well during mastication, but that it 
could open the lips. lie, therefore, justly attributed the 
phenomena in Sir C. Boll’s experiments to the loss of 
sensation in the lips ; the animal not being able to feel the 
food, and, therefore, altliough it hiid the power to seize it, 
not knowing how or where to use tliat power. 

Lastly, the fifth nerve has an intimate connection with 
muscular movements through the many reflex acts of 
muscles of which it is the necessary excitant. Hence, when 
it is divided, and can no longer convey impressions to the ^ 
neiwous centres to be thence reflected, the irritation of the 
conjunctiva produces no closure of the eye, the mechanical 
irritation of the nose excites no sneezing, that of the tongue 
no flowing of saliva ; and although tears and saliva may 
flow naturally, their afflux is not increased by the me- 
chanical or cliomical or other stimuli, to tlie indirect or 
retlocted influence of which it is liable in the perfect state 
of this nerve. 

The fifth nerve, through its ciliar y b ranches and the 
l)paW2h.,wiiQh forms the long root of the ciliary or ^Ifthal- 
mic ganglfon, exercises also some influgnee^ on the move- 
ments of the iris. When the trunk of the Ophthalmic 
portion is divided, the pupil becomes, according to Valentin, 
contracted in men and rabbits, and dilated in cats and 
dogs ; but in all cases, becomes immovable, even under all 
„ tl]ie Varieties of thie stimulus of light. How' the fifth nerve 
jpms affec^ the iris is unestplained ; the same are 

^^roduced hyfedeetruction of superior cervioai gaiiglion^ 
of the sympathetic, so Aiat, ;^ossibly, they are diie to the 
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injury of 'those filaments of the sympathetic which, after 
.joining the trunk of the fifth, at and beyond the Gasserian 
ganglion, proceed with the branches of its ophthalmici divi- 
sion to the iris ; or, as Dr. 11. Hall ingeniously suggests, 
the influence of the fifth nerve on the movements of the 
iris may be ascribed to the affection of vision in consequence 
of the disturbed circulation or nutrition in the retina, when 
the normal influence of the fifth nerve and ciliary ganglion 
is disturbed. In such disturbance, increased circulation 
making the retina more irritable might induce extreme 
contraction of the iris; or, under moderate stimulus of 
liglit, producing partial blindness, might induce dilatation : 
but it does not appear why, if this be the true explanation, 
the iris sliould in either case be immovable and unafiected 
}>y the , various degrees of light. 

Furthermore, tlio morbid effects which division of the 
fifth nerve produces in the organs of special sense, make 
it probable that, in the normal state, the fifth nerve exer- 
cises some indirect influence on all these organs or their 
fimctions. Thus, after such division, within a period 
varying from twenty-four hours to a week, ' the cornea 
begins to be opaque; then it grows completely^ydute ; a 
lc7w destructive inflammatory process ensues in the con- 
junctiva, sclerotica, and interior parts of the eye; and 
within one or a few weeks, the whole eye may be quite 
disorganized, and the cornea may slough or be pene- 
trated by a large ulcer. The sense of smell (and not 
m^ely that of mechanical irritation of the nose), may be 
at the same time lost, or gravely impaired ; so may the 
hearing, and commonly, whenever the fifth nerve is para- 
lyzed, the tongue loses the sense of taste in its anterior and 
lateral parts, i.e., in the portion in which the lingual or 
gustatory branch of the inferior maxiUaiy division of the 
fifth 4s distributed,* , 

* That oomf^ote paralysis of nfay, laf^ever, 

companied, at loast, for a considerabUi/ilenod, hy injury to the organs 

K N 2 



548 


THE NERVOUS SYSTEM. 


The loss of the sense of taste is no doubt chiefly due to 
the lingual branch of the fifth nerve being a nerve of 
special sense ; partly, also, perhaps, it is due to the fadt 
that this branch supplies, in the anterior and lateral 
parts of the tongue, a necessary condition for the proper 
nutrition of that part. But, deferring this question until 
the glosso-pharyngeal nerve is to be considered, it may be 
observed that in some brief time after complete paralysis 
6 t division of the fifth nerve, the power of all the organs 
of the special senses may be lost ; they may lose not 
merely their sensibility to common impressions, for which 
they all depend directly on the fifth nerve, but also their 
sensibility to the several peculiar impressions for the 
reception and conduction of w^hich they are purposely 
constructed and supplied with special nerves besides the 
fifth. The facts observed in these cases* can, perhaps, be 
only explained by the influence which the fifth nerve 
exercises on the nutritive processes in the organs of the 
special senses. It is not unreasonable to believe, that, in 
paralysis of the fifth nerve, their tissues may be the seats 
of such changes as are seen in the laxity, the vascuhir 
congestion, oedema, and other affections of the skin of the 
face and other tcgunientary parts which also accompany 
tht paralysis ; and that these changes, which may appear 
unimportant when they affect external parte, are suffi- 
cient to destroy that refinement of structure by which 
the organs of the special senses are adapted to their 
functions. 

According to Magendie and Longet, destruction of the 
eye ensues more quickly after division of the trunk oi^ 
the fifth beyond the Gasseri^ ganglion, or after divi- 

special sense, with the exception of that poition of the tongue which 
i» supplied by iU gustatory brandi, is well illustrated by a valuable 
ease lately recorded Ijy Dr. Altliauf. 

* Two of the^best cases are published, with analyses of others, by 
Hr. Dixon, in the Medico- Chirurgical Tmisactions, vol. xxviii. 
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fiion of the ophthalmic branch, than after division of the 
roots of the fifth between the brain ^ud the ganglion. 
Hence it would appear as if the influence on nutrition 
were conveyed through the filaments of the 8ymi)athetic, 
which join the branches of the fifth nerve at and beyond 
the Gasserian ganglion, rather than through the filaments 
of the fifth itself; and this is confirmed by experiments 
in which extirpation of the superior ccrvicfil ganglion of 
the sympathetic produced the same destru(itive diseafte 
of the eye that commonly follows the division of tiie fifth 
nerve. 

And yet, that the filaments of the fifth nerve, as well as 
those of the sympathetic, may conduct such influence, ap- 
j)ears certain from the cases, including that by Mr. Stanley, 
in wliich the source of the paralysis or the fifth nerve was 
near the brain, or at its very origin, before it receives any 
communication from the sympathetic nerve. The existence 
of ganglia of the 83nnpathetic in connection with all the 
principal divisions of the fifth nerve 'where it gives off 
those branches which supply the organs of special sense 
— for example, the connection of the ophthalmic ganglion 
with the ophthalmic nerve at the origin of the ciliary 
nerves ; of the spheno-palatine ganglion with the superior 
maxillary division, where it gives its branches to the nose 
and the palate; of the otic ganglion with the inferior 
maxillary near the giving off of filaments to the internal 
ear ; and of the sub-inaxillary ganglion with the lingual 
branch of the fifth — all these connections suggest that a 
peculiar and probably conjoint influence of the sympa- 
thetic and fifth nerves is exercised in the nutrition of the 
organs of the special senses; and the results of experi^ 
ment and disease confirm this, by showing that the nutri- 
tion of the organs may be impaired in Consequence of im- 
pairment of the power of either of the nerves. 

A possible connection betw<^n the ^th ,perve and the 
sense of sight, is shown in ca^es of no un&equent occur- 
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rence, in which blows or other injuries imiilicating the 
frontal nerve as it, passes over the brow, are followed by 
total blindness in the corresponding eye. 'J'he blindness 
appears to be the consequence of defective nutrition of the 
retina ; for although, in some eases, it has ensued imme- 
diately, as if from concussion of the retina, yet in some 
it has come on gradually like slowly progressive amau- 
rosis, and in some with inflammatory disorganisation, 

followed l)y atro2)hy of the whole eye.^' 

< 

rhysifilofjy of the Facial Xem, 

The facial, or portio dura of the seventh pair of nerves, 
is the motor nerve of all the muscles of the face, including 
the platysma, but ncyt including any of the muscles of mas- 
tication already enumerated (p. 544) ; it supplies, also, 
the parotid gland, and through the connection of "its trunk 
with the Tidian nerve, by the petrosal nerves, some of tlie 
muscles of the soft palate, most iirobably the levator palati 
and azygos uvuhn ; by its tymiianic branches it supplies 
the stapedius and laxator tympani, and, thrpugli the otic 
ganglion, the tensor iymiiani ; through tJie chorda tympajd 
it sends branches to the submaxillary gland and to the 
lingualis and some other muscular fibres of the tongue ; 
and by branches given olF before it comes upon the face, it 
supplies the muscles of the external ear, the posterior i)art 
of the digastrieus, and the stylo-hyoideus. 

To the greater number of the muscles to which it is dis- 
tributed it is the sole motor nerve. No pain is produced by 
irritating it near its origin (Valentin), and the indications 
of pain which are elicited when any of its branches are 
irritated, may be explained by the abundant communica- 
tions which, in all parts of its course, it forms with sensi- 


* Siibh a qase is recorded by Saabilie iu tbe Nedcrlkndscb Ltoicet, 
Ai^st, 1846. 
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tive nerves, whose filaments being mingled with its own 
lire the true sourcie of the pain. 

Besides its motor influence, the facial is also, by moans 
f)f tlie fibres wdiieh are supplied to the submaxillary 
and parotid glands, a so-called (P- 475)- 

For through the last-named branches impressions may 
be conveyed which excite increased secretion of saliva. 
For example, if, in a dog, the feubmaxillary gland bo 
<*xposed, and the chorda tyinpani be divided, it will 
be seen that on stimulating the distal end of tlie 
nerve by a weak electric current, the gland becomes ex- 
ceedingly vascular, and saliva is secreted in largely in- 
creased amount. Under ordinary circumstances of in- 
creased secretion of saliva by the subm axillary gland, as 
from the presence of food in the mouth, the stimulus 
is conveyed by the same channel, the chorda tyinpani 
being the efferent nerve in a reflex action, in which the 
afferent fibres are branches of the fifth and glosso-pharyn- 
goal nerves. • 

When tlie facial nerve is divided, or in any other way 
paralyzed, the loss of power in the muscles which it sup- 
plies, while proving the nature and extent of its functions, 
displays also the necessity of its i>erfection for tlie perfect 
exercise of all the organs of the special senses. Thus, in 
paralysis of the facial nerve, the orbicularis palpebrarum 
being powerless, the eye remains open through the un- 
balanced a(*,tion of the levator pulpebrro ; and the conjunc- 
tiva, thus continually exposed to the air and the contact of 
dust, is liable to repeated inflammation, which may end in 
thickening and opacity of both its own tissue and that of 
the cornea. These changes, however, ensue much more 
slowly than those which follow paralysis of the fifth nerve, 
and never bear the same destructive cliaracter. In paraly- 
sis jot the facial nerve, also, tears are apt to flow constantly 
over the face, apparently because of fhe paral^^is of the 
tensor tarsi muscle, and the los? of the proper, direction 
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and form of the orifices of the puncta ]achr5rmalia. From 
these circumstances, the sense of sight is impaired. 

The sense of hearing, also, is impaired in many cases 
of paralysis of the facial nerve ; not only in such as are 
instances of simultaneous disease in the auditory nerves, 
hut in such as may bo explained by the loss of power in 
the muscles of the internal ear. The sense of smell is 
commonly at the sjjme time impaired through the iuabilit}’' 
to draw air briskly towards the upper part of the nasal 
cavities, in which part alone the olfactory nerve is distri- 
buted ; because, to draw the air perfectly in this direction, 
the action of the dilators and compressors of the nostrils 
should be perfect. ' 

Lastly, the sense of taste is impaired, or may be wholly 
lost, in paralysis of* the facial nerve, provided the source 
of the paralysis be in some ^lart of the nerve between its 
origin and the giving ofi* of the chorda tympani. This 
result, which has been observed in many instances of 
disease of the facial* nerve in man, appears explicable only 
by tlie influence whi(;h, through the chorda tympani, it 
exercises on the movements of the lingualis and tlie 
adjacent muscular fibres of the tongue ; and, according to 
some, or probably in some animals, on the movements of 
the stylo-glossus. We may therefore suppose that the 
accurate movement of these muscles in the tongue is in 
some way connected with the proper exercise of taste. 

Together with these effects of paralysis of the facial 
nerve, the muscles of the face being all powerless, the 
countenance acquires on the paralyzed side a characteristic, 
vacant look, from the absence of all expression : the angle 
of the mouth is lower, and the paralyzed ludf of the mouth 
loqjts hmger than that on the other side ; the eye has an 
,^iheaning stare. <iAll these peculiarities increase, the 
longer the paralysis lasts ; and their appearance is exag- 
gerated when at any time the muscles of the opposite side 
of the face axe made active in any expression, or in any of 
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tlieir ordinary functions. In an attempt to blow or whistle, 
one side of the mouth and cheek acts properly, but the 
other side is motionless, or flaps loosely at the impulse of 
the expired air ; so in trying to suck, one side only of the 
mouth acts ; in feeding, the lips and cheek are powerless, 
and food lodges between the cheek and gum. 

As a nerve of expression, the seventh nerve must not 
be considered independent of the fifth nerve, with which it 
forms so many communications ; for, although it is through 
the facial nerve alone that all the muscles of the face are 
put into their naturally expressive actions, yet the power 
which the mind has of suppressing or controlling all these 
expressions can only be exercised by voluntary and well- 
educated actions directed through the facial nerve with the 
guidance of the knowledge of the stdto and position of 
every muscle, and this knowledge is accpiired only through 
the fifth nerve, which confers sensibility on the muscles, 
and ai)pears, for this purpose, to be more abundantly sup- 
plied to the muscles of the face than Uny other sensitive 
nerve is to those of other parts. 

Physiology of the Glosso-Pharyngeal Nerve. 

The glosso-pharyngeal nerves (i6, fig. 1 5 1 ), in the enume- 
ration of the cerebral nerves by numbers* according to the 
position in which they leave the cranium, are considered as 
divisions of the eighth pair of nerves, in which terra are in- 
cluded with them the pneuraogastric and accessory nerves. 
But the union of the nerves under one term is inconvenient, 
although in some parts the glosso-pharyngeal and pneumo- 
gastric are so combined fin their distribution that it is 
impossible to separate them in either anatomy or phy- 
siology, • 

The glosso-pharyngeal nerve appears to give filaments 
t hrough its tympanic br^p]^ (Jacobsod’s nerve), to tlie 
fenestra pvalis, and fenestra rotui:> Ja, and the Eustachian 
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tube ; also, to the carotid plexus, and, through the petrosal 
nerve, to the sphciio-palatine ganglion. After communi- 
cating, either within or without the cranium, with the 
prieumogastric, and soon after it leaves the cranium, with 
the sympathetic, digastric branch of the facial, and the 
I accessory nerve, the glosso-pharjaigeal nerve parts into the 
) two principal divisions indicated by its name, and supplies 
I the mucous membrauo of Jihe posterior and lateral walls of 
* the upper part of the pharynx, the Eustachian tube, the 
'arches of the palate, the tonsils and their mucous mem- 
'jbrano, and the tongue as far forwards as the foramen 
j emoum in the middle lino, and to near the tip at the sides 
' and inferior part. 

Some experiments miiko it probable that the glosso- 
pharjngeal nerve e6ntains, even at its origin, some motor 
fibres, together with those of common sensation and the 
sense of taste. Whatever motor infiuenco, however, is 
conveyed directly through the branches of the glosso- 
pharyngeal, may be* ascribed to the filaments of the pneu- 
mogastric or accessory that are mingled with it. 

The experiincints of Dr. John Reid, confirming those of 
Pauizza and Longet, tend to the same conclusions; and 
their results probably express nearly all tlie truth regard- 
ing the part of the glosso-pharyngeal nerve which is 
distributed to the pharynx. These results Were that, — 
I. Pain was produced when the nerve, particularly its 
pharyngeal brjinch, was irritated. 2. Irritation of the 
nerve before the origin of its pharyngeal, or of any of 
these branches, gdve rise to extensive muscular motions of 
the throat and lower part of the face : but when the nerve 
was divided, these motions ward excited by irritating the 
upper or cranial portion, while irritation of the lower end, 
; or that in connectjiiOn with the muscles, was followed by 
ao movement ; so that these motions must have depended 
on a reflex iq^ud'lice transmitted to the muscjjpp through 
nerves by the intervention of the nervods centres. 
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3. . When the functions of the brain and medulla oblonf^ata 
were alrrested by poisoning the animal with prussic acid, 
irritation of the glosso-pharyngeal nerve, before it was 
joined by any branches of the pneumogastric, gave rise to 
no movements of the muscles of the pharynx or other parts 
to which it was distributed; while, on irritating tlic 
pharyngeal branch of the pneumogastric, or the glosso- 
pharyngeal nerve, after it had received flie communicating 
branches just alluded to, vigorous movements of all the 
phaiyngeal muscles and of the upper i>art of the oesophagais 
followed. 

The most probable conclusion, therefore, may be that 
what motor influence the glosso-pharyngeal nerve may 
seem to exercise, is due either to the filaments of the 
imeuraogastric or accessory that are mingled with it, or to 
impressions conveyed through it to the medulla oblongata, 
and thence reflected to muscles through motor nerves, 
especially the pneumogastric, accessory, and facial. Thus, 
the glosso-pharyngeal nerve excites, through the medium 
of the medulla oblongata, the actions of the muscles of 
deglutition. It is the chief centripetal nerve engaged in 
these actions; yet not the only one, for, as T)r. John Reid 
lias shown, the acts are scarcely disturbed or retarded 
when both the glosso-pharyngeal nerves are divided. 

But besides being thus a nerve of common sensation in 
the parts which it supplies, and a centripetal nerve through 
which impressions are conveyed to be reflected to the 
adjacent muscles, the glosso-pharyngeal is also a nerve 
of special sensation ; being the gustatory nerve, or nerve of 
taste, in all the parts of the tongue to which it is distri- 
buted. After many disejussions, the question, which is 
the nerve of taste ?— the lingual branch of the fifth, or the 
glosso-pharyngeal ? — may be most pr(?bably answered by 
stating that they are both nerves of this special function. 
For very numerous experiments and cases hewTe shown that 
when the trunk of the fifth nerve or its lingual branch is 
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paralysed or divided, the sense of ti^tq is completelyjbs^ 
the superior surface of the anterior and , ^ti-teral partis; of 
tongue. The loss is instantaneous after division of the 
nerve; and, therefore, cannot be ascribed to the defective 
nutrition of the part, though to this, perhaps, may bo 
ascribed the more complete and general loss of the sense of 
taste when tlie whole of the fifth nerve has been para- 
lysed. • ^ 

But, on the other hand, while the loss of taste in the 
part of the tongue to which the lingual branch of the fiffca 
neiwo is distributed proves that to be a gustatory nerve, 
the fact that the sense of taste is at tlio same, time retained 
in the posterior and postero-lateral parts of the tongue, 
and in the soft palate and its anterior arch, to which (and 
to some parts of which exclusively) the glosso-pharyngeal 
is distributed, proves that this also must be a gustatory 
nerve. In a female patient at St. Bartholomew's Hospital, 
the left lingual branch of the fifth nerve was divided in 
removing a portion*of tlie lower jaw : she lost both common 
sensation and the sensation of taste in the tip and the 
anterior parts of the left half of the tongue, but retained 
both in all the rest of the tongue. M. Lisfranc and others 
have noted similar cases; and the phenomena in them 
are so simple and clear, that there can scarcely be any 
fallacy in the conclusion that the lingual branches of both 
the fifth and the glosso-pharyngeal nerves are gustatory 
nerves in the parts of the tongue which they severally 
supply. 

Tliis conclusion is confirmed by some experiments on 
animals, and, perhaps, more satisfactorily as concerns the 
sense of taste in man, by observation of the parts of th^ 
tongue and fauces, in which the sense is most acute. Ac- 
cording to Valentii’s experiments made on thirty students, 
the parter of the tongue from jvhich the clearest sensations 
iaste are derived, are the base, as far as the foramen 
^ caecutu and lines diverging forwards on each side from it ; 
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the posterior palatine arches -down to the epiglottis; the 
tonsils and upper part of the phaTj^nx over tlio root of the 
tongue. Thoso are the seats of the distribution of the 
glosso-pharyngeal nerve. The anterior dorsal surface, and 
a portion of the anterior and inferior surface of the tongue, 
in which the lingual branch of the fifth is alone distributed, 
conveyed no sense of taste in tlie majority of the subjects 
of Valentin’s experiments ; but even if this were generally 
the case, it would not invalidate the conclusion that, hi 
those who have tlio sense of taste in the anterior and upper 
part of the tongue, the lingual branch of the ' fifth is the 
nerve by which it is exercised. 

Physiology of the Pneumo gastric Nerve. 

The pncimogastric nerve^ nervm vaguSy or par vagim ( I , 
fig. 1 51), has, of aU the cranial and spinal nerves, the most 
various distribution, and influences the most various func- 
tions, either through its own filamenis, or those which, 
derived from other nerves, are mingled in its branches. 

The parts supplied by tlie branches of the pneumogastric 
nerve are as follows : bj its pharyngeal branches, which^ 
enter the pharyngeal plexus, a large portion of the mucous! 
membrane, and, probably, all the muscles of the pharynx ;] 
by the superior laryngetd nerve, the mucous membrane ol^ 
the under surface of the epiglottis, the glottis, and the| 
greater part of the larynx, and the crico-thyroid muscle 
by the inferior laryngeal nerve, the mucous membraner 
and muscular fibres of the trachea,, the lower part of the^ 
pharynx and larynx, and all the muscles of the larynx/ 
except the crico-tliyroid ^ by oesophageal branches, thei 
mucous membrane and i^uscular coats of the oesophagus.^ 
Moreover, the branches of the pneun^pgastrio nerve form 
a large portion of the supply of nerves to the heart and 
the great arteries through tie cardiac nerves, derived 'froiii 
both the trunk and the recurrent nerve;* to the lungs,^ 
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tliroug;h both the anterior and the posterior pulmonary 
plexuses; and to the stomach, by its terminal branches 
passing: over the walls of that organ ; while branches are 
also distributed to the liver and to the spleen. 

From the parts thus enumerated as receiving nerves from 
the pneumogastrie, it might be assumed that this latter is a 
nerve of mixed function, both sensitive and motor. Expe- 
riments prove that it is so from its origin, for the irritation 
of its roots, even within the cranial cavity, produces both 
pain and convulsive movements of the larynx and j)harynx; 
and when it is divided within the skull, the same move- 
ments follow the irritation of the distal portion, showing 
that they arc not due to reflex action. Similar experiments 
prove that, through its whole course, it contains both 
. sensitive Jind motor ‘fibres, but after it has enierged from 
the skull, and, in some instances even sooner, it enters 
into so many anastomoses that it is hard to say whether 
the filaments it contains are, from their origin, its own, or 
whether they are derived from other nerves combining 
W'ith it. This is partkmlaiiy the case with tlie filaments of 
tlio sympathetic nerve, which are abundantly added to 
nearly all the branches of the pneumogastrie. The likeness 
to the sympathetic which it thus actpiires is furtlier in- 
creased by its containing many filaments derived, not from 
the braip, but from its own petrosal ganglia, in which 
filaments originate, in the same manner as in the ganglia 
of the sympathetic, so abundantly that the trunlt of the 
nerve is visibly larger below the ganglia than above them 
(Bidder and Volkmonn). Next to the sympathetic nerve, 
tliat which most importantly communicates with the pneu- 
mogastric is the accessory nerve, whose internal branch 
lOins its trunk, and is lost in it. 

^^rc^rly, theref^, the pneumogastrie might be re- 
^ triple-mixed nerve, having ovX of its own 
motor^ s^sitive, and sympathetic or gangl^oiiie 
^|^^"e-fibres; and to this natoal complexity .it adds tSat 
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winch it derives from the recjeption of filaments from the 
sympathetic, accessory, and cervical nerves, and, i)robabl}’, 
the glosso-pharyngeal and facial. 

The most probable account of the particular functions 
which the branches of the pneumogastric nerve discharge 
in the several parts to which they are distributed, may bo 
drawn from Dr. J ohn Reid's experiments on dogs. They 
sllo^Y that, — I. The pharyngeal branch is the principal, if 
not the sole motor nerve of the pharynx and soft palafe, 
aiel is most probably wholly motor ; a part of its motor 
fibres being derived from the internal branch of the acces- 
sory nerve. ^2. The inferior lar\Tigeul nerve is the motor 
nerve of the larynx, irritation of it producing vigorous 
movements of the ar 3 ^tenoid cartilages ; while irritation of 
the superior laryngeal nerve gives rise ’to no action in any 
of the muscles attaclied to the arytenoid cartilages, but 
merely to contractions of the crico-thyroid Tnuscle. 3. The 
' snp.erior. laryngeal nerve is chiefly sensitive ; the inferior, 
fur the most part, motor; for divisfon of the recurrent 
nerves puts an end to the motions of the glottis, but 
without lessening the sensibility of the mucous membrane ; 
and division of the superior laryngeal nerves leaves the 
movements of the glottis unitflectod, but deprives it of its 
sensibility. 4. The motion s of the* oesophagus are depen- 
dent on motor fibres (jtL the pneumogastric^ and are pro- 
bably excited by impressions made upon sensitive fibres of 
the same ; for irritation of its trunk excites motions of the 
oesophagus, which extend over the cardiac portions of the 
st(Smach; and division of the trunk paralyzes the oeso- 
phagus, which then becomes distended with the food. 
5. The cardiac branches 'of the pneumogastric nerve axe 
one, but not tlie sole channel thro ug h which the influence 
of the central organs and of mental enBotions is transmitted 
to^he heart. 6. The pulmonary branches form the prin- 
Spat, b ut not the sole channel by jyfifqh imprei^io|ns 

qjlthe mhoous surface of the lungs that excite respiralion, 
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are transmitted to the meduUa oblongata. Dr. Roid was 
unable to determine whether they contain motor fibres. 

From these results, and by referring to what has been 
said in former chapters, the share which the pneumogastric 
nerve takes in the functions of the several parts to w’hich 
it sends branches, may be understood : — 

1. In deglutition, the motions of the pharynx are of the 
reflex kind. The stimulus of the food or other substance 
to bo swallowed, acting on the filaments of the glosso- 
pharyngeal nerve as well as the filaments of the superior 
laryngeal given to the pharynx, and of some other nerves, 
perhaps, W’ith which these communicate, is conducted to the 
medulla oblongata, whence it is reflected, chiefly through 
the pneumogastric, to the muscles of the pharynx. 

2. In the functioils of the larynx, the sensitive filaments 
of the pneumogastric supply that acute sensibility by 
wdiich the glottis is guarded against the ingress of foreign 
bodies, or of irrespirable gases. The contact of these, 
stimulates the filaments of the superior laryngeal branch 
of the pneumogastric ; and the impression conveyed to the 
medulla oblongata, whether it produce sensation or not, 
is reflected to the filaments of tlie recurrent or inferior 
laiyngeal bran(*h, and excites contraction of the muscles 
that close the glottis. Both these branches of the pneuzno- 
gastric co-operate also in the production and regulation 
of the voice ; the inferior laryngeal determining the con- 
traction of the muscles that vary the tension of the vocal 
cords, and the superior laryngeal conveying to the mind 
the sensations of the state of these muscles necessary 
for their continuous guidance. And both the branches 
<‘0-operate in the actions of the larynx in the ordinary 
slight dilatation and conl3:*action of the glottis in the acts 
of expiration and inspiration, and more evidently in those 

, of .coughing and other forcible respiratory movements 
^.222). . . i- 

«, 3! It is portly through their influenoe on the selisibiliiy . 
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and muscular movements in th'e larynx, that the pneumo- 
gastric nerves exercise so great an influence on the respira- 
tory process, and that the division of both the nerves is 
commonly fatal'. To determine how death is in these cases 
produced, has been the object of innumerable, and often 
contradictory, experiments. It is probably produced 
differently in different cases, and in many is the result of 
several co-operating causes. Thus, after division of both 
tlie nerves, tlio respiration at once becomes slower, the 
number of respirations in a given time being commonly 
diminished to one-half, probably because the pnoumo- 
gastric nerves are the principal conductors of the impres- 
sion of the necessity of breathing to the medulla oblongata. 
Jlespiration does not cease ; for it is probable that the 
impression may be conveyed to the ihodulla oblongata 
tlirough the sensitive nerves of all parts in which the im- 
perfectly aerated blood ^ows (see p. 516); yet the respira- 
tion being retarded, adds to the other injurious effects of 
division of the nerves. 

Again, division of both pneumogastric trunks, or of 
both their recurrent branches, is often very quickly fatal in 
young animals ; but in old animals the division of the 
recurrent nerve is not geiier?illy fatal, and that of both the 
pneumogfistric trunks is not always fatal (J. lloid), and, 
when it is so, the death ensues slowly. This difference is, 
probably, because the yielding of the cartilages of the ' 
larynx in young animals pennits the glottis to be closed 
by the atmospheric pressure in inspiration, and they are 
thus quickly suffocated unless tracheotomy be performed 
(Legallois). In old animals, the rigidity and prominence 
of the arytenoid cartilages prevent the glottis from being 
completely closed by the atmospheric pressure ; even when 
all the muscles are paralyzed, a portioiL at its posterior 
part Remains open, and througji this the animal continues 
to breathe. Yet the diminution^ of the or^ce.for respira- 
tion may add to the difficulty of maiidaiuing life* * 
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^ In the case of slower death, after division of botli the 
pneumogastric nerves, the Jungs are commonly found 
gorged with blood, osdematous,. or nearly solid, or witli a 
kind of low pneumonia, and with their bronchial tubes 
! full of frothy bloody fluid and mucus, changes to which, in 
general, the death may bo proximately ascribed. These 
' changes are due, perhaps in part, to the influence which 
the pneumogastric neryes exercise on the movements of 
' llie air-cells and bronchi ; j^et, since they are not always 
produced in one lung when its pneumogastric nerve is 
divided, they cannot bo ascribed wholly to the suspension 
of organic nervous influence (J. lieid). Ki^ther, they may* 
bo ascribed to tlie hindrance to the passage of blood 
through the lungs, in consequence of the diminished supply 
of air and the excess of carlxmic acid in the air- 
cells and iu the pulmonary capillaries (see p. 229) ; in 
part, perhaps, to paralysis of the blood-vessels, leading 
to , congestion ; and in port, also, as the experiments 
of Traube especially show, they a^ipear duo to the 
passage of food and of the various secretions of the mouth 
and fauces through the glottis, which, being deprived of. 
its sensibility, is no longer stimulated or closed in con- 
sequence of iheir contact. He says, that if the trachea bo 
aivided and separated from the cesophagus, or if only the 
cosophagus be tied, so that no food or secretion from above 
can i>as8 down the trachea, no degeneration of the tissue 
of the lungs will follow the division of the pneumogastric 
nerves. So that, on the whole, death after division of the 
pneumogastric nerves may be ascribed, when it occurs 
quickly in young animals, tg suffocation throu gh me- 
chanical closure of the paralyzed glottis: and, when it 
occurs more slowly, to thoj congestion and pneumonia pro- 
;duoed by the dimfnished supply of air, by paralysis of the 
btood- vessels, and by the passage of foreign fluids into the 
bronchi; aggravated by the diminished frequency of 
t respiration, the insensibility to the diseased state* of the 
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lungs, the diminished aperture of the glottis, and the 
loss of tlie due nervous influence upon tlxe process of 
respiration. , 

4. Ilespecting the influence of ,the pnoumogastric nerves 
on the movements of the oesophagus and stomach, the 
secretion of gastric fluid, the sensation of hunger, absorp- 
tion by the stomach, and the action of the heart,* former 
pages may be referred to. 

Cyon and Ludwig have discovered that a remarkable 
power appears to be exorcised on the dilatation of the 
blood-vessels by a small nerve wdiich arises, in the rabbit, 
from the 8U]^iypnor laryngeal branch, or from this and 
the trunk of the piieuinogastric nerve, and after com- 
municating witli filaments of the inferior cervical ganglion 
])roceeds to tlie heart. If this nerve be divided, and its 
upper extremity be stimulated by a weak interrupted cur- 
tent, an inhibitory influence is conveyed to the vaso-motor 
centre in tlio medulla oblongata (p. 576), so as to cause, 
by reflex action, dilatation of the x)rincij)til blpod-vessela, 
with dimiriutioii of tho force and frequemy of tlie lieart’s 
action. From the remarkable lowering of the blood- 
pressure in the vessels, thus produced, this branch of the 
vagys is called the depressor nerve ; and it is presumed, 
as an aftbreiit nerve of the heart, to be the means of 
conveying to the vaso-motor centre in the medulla indica- 
tions of such conditions of the heart as require a lowering 
of the blood pressure in the vessels; as, for examjde, 
when the heart cannot, with sufficient ease, xjrox)el blood 
into the already too full or too tense arteries. 

• See footjiotc, p. 577. 


o o 2 



THE NERVOUS SYSTEM. 


564 


Thy&iology of the Spmal Accessory Nerve, 

In the preceding pages it is implied that all the motor 
influence which the pncumogastric nerves exercise, is con- 
veyed through filaments which, from their origin, belong 
to them: and this is, perhaps, true. Yet a question, which 
has been often discussed, may still be entertained, whether 
a part of the motor filaments that appear to belong to 
' the pneumogastric nerves are not given to tliem from the 
accessory nerves. 

The principal branch of the accessory nerve, its external 
branch, supplies the sterno-mastoid and trapezius muscles ; 
and, though pain is produced by irritating it, is composed 
almost exclusively of motor fibres. It miglit appear very 
probable, therefore, tliat the internal branch, which is 
added to the trunk of the pneumogastric just before the 
giving off of tlie pharyngeal branch, is also motor ; and 
that through it the pneumogastric nerve derives part of 
the motor fibres which it supplies to the muscles enumer- 
ated above. And further, since the pneumogastric nerve 
has a ganglion just above the part at wliicli the internal 
branch of the accessory nerve joins its trunk, a close 
analogy maV seem to exist between these two ncuves and 
ti'a spinal nerves with their anterior and posterior roots. 
In this view, Arnold and several later phyifiologists have 
regarded the accessory nerve as constituting a motor root 
of the vague nerve ; and, although this view cannot now 
be maintained, yot it is very probable that the accessory 
nerve gives some motor filaments to the pneumogastric. 
For, among the experiihents made on this point, many 
have shown that when the accessory nerve is irritated 
within tlie skull, convulsive movements ensue in some of 
the muscles of the*laTynx ; all of which, as already stated, 
are supplied; apparently, hy branches of the pneumb- 
gastric ; and» (which is a veiy significant fact) Vrolik states 
that in the chimpanzee the internal branch of the accessory 
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does not join the pneumogastric at all, but goes direct to 
the larynx. On the whole, therefore, although in some of 
the experiments no movements in the larynx followed 
irritation of the accessory nerve, yei it may bo concluded 
that this nerve gives to the pneumogastric some of the 
motor filaments which pass, with the laryngeal branches, 
to tlie muscles of the larynx, especially to the crico-thyroid 
(Bernard) ; although it is certain that the accessory nerve 
does not supply' aZi the motor filaments which the branches 
of the pneumogastric contain. 

Among the roots of the accessory nerve, the lower, 
arising -from tlie spinal cord, apx)ear to be. composed ex- 
clusively of motor fibres, and to be destined entirely to the 
trapezius and sterno-niastoid muscles; the uj)per fibres, 
arising from the medulla oblongata, contain many sensitive 
as well as motor fibres. 


Physiolofjij oj the Tlypoylossal Nerve. 

The hypoglossal or ninth nerve, or motor lingiice, has a 
peculiar relation to the muscles connected with the hyoid 
bone, including those of the tongue. It supplies through 
its descending branch {descendetis noni), the sterno-hyoid, 
sterno-thyroid, and orno-hyoid ; through a special branch 
the thyro-hyoid, and through its lingual branches the 
genio-hj'-oid, stylo-glossus, hyo-glossus, and genio-hyo- 
glossus and linguales. It contributes, also, to the supply 
of the submaxillary gland. 

The function of the hypoglossal is, probably, exclu- 
sively motor. As a motor nerve, its influence on all the 
muscles enumerated above is shown by their convulsions ' 
w^hen it is' irritated, and by their loss of power when it is 
paralysed. The effects of thfe paralysis of one hypoglossal 
nerve are, however, not very striking^ in the tongue. 
Often, in cases of hemiplegia' involving the* functions of. 
the hypoglossal nerve, it is not possible to observe any 
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deviation in the direction of the protruded tongue ; pro- 
bably because the tongue is so compact and firm that the 

Fitj. 151.* 



Fig. ist. Yicwofthe nerves of the eighth pair, tlieiniistribntion 
rUTur*'!"’”*. ““*** ***'' 8sppey aftei' Hirechfeld and 

■ •* ’. I’"""’"®!!*®*"® i” the neck ; 2, ganglion of its 

tmnh. 3 . »ts union -with the apiaal accessory } 4, fts union with the 
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muscles oii either side, their itisertion being nearly parallel 
to the median line, can push it straight forwards or turn it 
for some distance towards either side. 

Physiology of the Spinal Nerves. 

Little need be added to what has been already said of 
these nerves (pp. 493 to 49S). The anterior roots of the 
spinal nerves are formed cxclusivelj’' of. motor fibres ; the 
posterior roots exclusively of sensitive fibres. 

Beyond the ganglia all the spinal nerves appear to be 
mixed nerves, and to contain as w^ell sympathetic fila- 
ments. 41, 

Of the functions of the ganglia of the spinal nerves 
notliing very definite is known. That tlioy are not the 
rellectors of any of the ascertained reflex actions through 
the spinal nerves, is shown by the reflex movements 
ceasing wdien the posterior roots are divided between the 
ganglia and the spinal cord. 

« 

rHYSIOLOGY OF TTIE SYMPATrtETlC XEUYE. 

The sympathetic nerve, or sympathetic sj^stein of nerves, 
obtained its name from the opinion that it is the moans 
through which are elfected the several sym})atliie8 iir 


hypoglossal ; 5, pharyngeal branch ; 6, superior laryngea] nerve ; 7, 
external laryngeal ; 8, hiryiigoat jJexus ; 9, inferior or recMiiTeiit laryn- 
geal ; 10, superior eardiae branch ; ii, middle cardiac ; 12, plexifonn 
]»nrt of the nerve in thp thorax ; 13, posterior pulmonary plexus ; 14, 
linguil or gustatory nerve of the inferior inaxillar)’^ ; 15, hypoglossal, 
passing into the niusclos of the tongue, giving its thyro-liyoid bi'anch, 
and uniting with twigs of tho lingual ; 16, glosao-x>haryj]igeal neiwo ; 1 7, 
spinal accessory nerve, uniting by its inner branch with the xmeiimo- 
gdstric, and hy its outer, passiing into the stex'no-uiastoid muscle ; 18, 
second cervicle nerve ; 19, tliird ; 20, fourth; 21, origin of the phrenic 
nerve, 22, 23) fifth, sixth, .^venth, and eig'hthicervical nerves, forming 
with the first dorsal the brachial plexus ; 24, supeiior cervical ganglion 
of the sympathetic ; 25, middle cwrical ganglion ; 26, inferior cervical 
ganglion united with the first dor^l ganglion ; 27, 2^, 29, 30, second, 
third, fourth, and fifth domal ganglia. , * 
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morbid action which distant organs manifest. It has alsb 
been called the nervous system of organic U/Cf upon the sup- 
position, now proved erroneous, that it alone, as a nervous 
system, influences the organic processes. Both terms are 
defective; bxit, since the title sympathetic nei've has the 
advantage of long and most general custom in its favour, 
and is not more inaccurate than the other, it will be here 
employed. • » 

* The general diiferences between the fibres of the cere- 
bro spinal and sympathetic nerves have been Already 
stated (p. 468) ; and it has been said, that although such 
general differences exist, and are sufficiently /liscernible in 
selected filaments of each system of nerves, yet they are 
neither so constant, nor of such a kind, as to warrant the 
supposition, that the different modes of action of the two 
systems can be referred to the difi'erent structures of their 
fibres. Rather, it is probable, that the laws of conduction 
by the fibres are in both systems the same, and that the 
differences manifest^in the modes of action of the systems 
are due to J^^multiplication and separation of the nervous 
centres of the sympathetic : ganglia, or nerve-centres, being 
placed in connection with the fibres.of the sympathetic in 
nearly all parts of their course. 

According to the most general view, the . sympathetic 
system may be described as arranged in two i>rincipal 
divisions, each of which consists of ganglia and connecting 

are seated on and iavolve the main trunks or branches of 
cerebral and spinal, nerves. This division will include the 
large Gasserian ganglion on the sensitive trunk of the fifth 
j cerebral nerve (fig. 152), the ganglia on the glosso-pharyn- 
I f^eal \and pneumpgastric nerves, and the ganglia on the 
I pp^terior or sensitive^branches of the spinal nerves (fig. 14 1 ) . 

To the second division belq^gthe double chain of prse- 
^ertebral ganglia t24 to 30, fig. 151) and their branches, 
wiextehding from the interior and base^of the skull to the 




* Fig. 152. (JcMicral of tho branclios of- the fifth pair (after n 
sketch byCliarles liell). 4*“*i les.scr root of the fifth pair; 2, greater 
root passing forwards into the Gasserian ganglion ; 3, placed on the 
l)Oiie above the ophthalmic ncTve, which is seen dividing into the supra- 
orbital, lachrymal, and nasal branches, the latter connected with the " 
oj»htlialniic ganglion ; 4, placed on the bone close to the foramen rotnn- 
diun, marks the su])erior maxillary division, w'hich is connected below 
with the spheno-palatine ganglion, and passes forwards to the infra- 
orbital foramen ; 5, placed on the bone over the foramen ovale, marks 
the submaxillary nerve, giving off tlie anterior auricular and muscular 
branches, and continued by the inferior dental^to the lower jaw, and by 
th(i gustatory to the tongue ; tlie submaxillary gland, the submax- 
illary ganglion placed above it in Connection whh the gustatory nei*ve ; * 
6, the chorda tympani ; 7, the itiujial nerve issuing from the stylo- 
mastoid foramen. 
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tlieir ganglia, as the cardiac, the solar, the renal and hypo- 
gastric i)lexiises ; and in the same division may be included 
tlie ganglia in the neighbourhood of the head and neck, 
luiinely, the ophtlialinio or lenticular, the sj)heno-palatine, 
the oti(3, and the siibinaxilhiry ganglia (fig. 1 5 2)." 

The structure of all these ganglia appears to be cssen.- 
tially similar, all containing — jst, nerve-fibres traversing 
them ; 2iidl}f, norve-filjres originating in them ; 

:nhrvc- or ganglion-corpuscles, giving origin to these fibres; 
jind other corpuscles that appear free. And in the 

trunk, and thence proceeding brandies of the sympathetic, 
the TO api)ear to be ahvavs — fibres whiidi^ arise in its 
own ganglia; 2?id///, fibres derived from 11 lo ganglia of 
the cerebral and spinal nerves ; 3 ?y//?/, fibres derived from 
the bruin and spin'al cord and Irausmittcd tlirougli the 
roots of tlieir nerves. Tlie spinal cord, indeed, appears 
to furnish a large source of the fibres' of the symjiathetic 
nerve. ^ 

Respecting the colirse of the filaments belonging to tlie 
sympathetic, the following aiipears to liave been deter- 
mined. Of the filaments derived from the ganglia on the 
cerebral nerves, some may pass towards the brain ; for, in 
tlio trunks of the nerves, hetween the ganglia and the 
biaiii, fine filaments like those of tlie sympathetic are 
these may be proceeding from tlie brain to 
•lia ; and, on the whole, it is probable that nearly 
fibres. originating in the ganglia or cerebral 

are seated on't towards tlie tissues and organs t<f bo sup- 
cerebral and being centrifugal, some centripetal j 

large Gasserian ifs outgoing filaments may form 

cerebral nerve (fig nervous systeni appropriated to the part 
ge^ and pneumognts are placed. Such, &r e^^iplc, may 
pO^rtierior or sensitive ^^anglion with the ciliaiy nerves, con- 
^ To the second dizain and tj^e rSftt' of the sympathetic 
i|Yertehral gangjia t 2 ;ches of tbe^ihird, fifth, and sympa- 
«extehding from the its roots, yet, by filaments of its 
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own, controlling, in some mode and degree, the processes 
in the interior of tlie eyo. 

Of the fibres that arise in the spinal ganglia, some 
appear to i)ass into the jiosterior branches of tho spinal 
nerves, and to be distributed with them; tho rest pass 
through the branches by which tlie spinal nerves commu- 
nicate with the trunks of Hie sympatlietic, and tlieii oiitoring 
tlie sympathetic are distributed with nts branches to llui 
viscera. With tlieso, also a certain number of tlie large 
ordinary (‘erebro-spinal norvo-tihres, after traversing the 
ganglia, pass into tlie sympathetic. 

Of the fijDres derived from tho ganglia of tho sympa- 
thetic itself, some go straightway towai'ds the viscera, tlie 
rest pass throngli tlie hrancdies of cominunicntioii between 
the sympatlietic and the brandies of tho spinal nervCvS, 
and joining those spinal nerves, proceed with them to their 
respective seats of /distribution, esi>ecially to the more 
sensitive parts. 

Thus, through these comtnunieatihg brandies, which 
liave been generally called roots or origins of the sympa- 
thetic' nervej^ an interchange is ellectecl between nil tJio 
spinal nerves and the symiiathetic trunks ; all the ganglia, 
also, "which are seated on tlio cerebral nerves, have roots 
(as they are called) through which lilameiits of the cere- 
bral nerves are added to their own. So that, probably, 
all sympathetic nerves contain some intermingled cerebral 
or spinal nerve-fibres ; and all cerebral and spinal nerves 
some filaments derived from the sympathetic system or 
from ganglia. But tho i)roportion8 in which these fila- 
ments are mingled are not uniform. The nerves which 
arise from the brain and spinal cord retain throughout 
their course and distribution a preponderance of cerebro- 
spinal fibres, while the nerVes imme\liately arising from 
tlie so-called sympathetic* ganglia probably contain a. 
majority of sympathetic fibres. But inssmneh as there is 
no certainty that in structure the brahehes of cerebral 
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or spinal nerves differ always from those of the sympathetic 
system, it is impossible in the present state of our know- 
lege to be sure of tho source of fibres which, from their 
structure might lead the observer to believe that they arose 
from the brain or spinal cord on the one hand, or from 
the symj^athetic ganglia on the other. In other words, 
although the large white tubular fibres are especially cha- 
racteristic of corebro-spdnal nerves, and the pale or 
gelatinous fibres of a sympathetic nerve, in which they 
largely preponderate, there is no certainty to be obtained 
in a doubtful case, of whether the nerve-fibi’e is derived 
from one or the other, from mere examination*of its struc- 
ture. It may be derived from either source. 

With respect to the functions of the sympathetic nervous 
system, it may bo stated generally that the sympathetic, 
nerve-fibres are simple conductors of impressions, as those 
of the ceiebro-spinal system are, and that the ganglioni(? 
centres have (each in its appropriate sphere) tlio like 
powers both of condiicting and of communicating impres- 
sions. Their power of conducting impressions is suffi- 
ciently proved in oi dinary diseases, as when any of tho 
viscera, usually unfelt, give rise to sensations of pain, or 
wlien a part not commonly subject to mental influence is 
excited or retarded in its actions by the various conditions 
of the mind ; for in all these cases impressions must be 
conducted to and fro through the whole distance between 
the ])art and tho spinal cord and brain. So, also, in 
experiments, now more than sufficiently numei'ous, irrita- 
tions of the semilunar ganglia, the splanchnic nerves, the 
thoracic, hepatic, and other g^glia and nerves, have elicited 
tixpressions of pain, and have excited movements in the 
muscular organa supplied from the irritated part. 

In the case of pain excited, or movements affected by 
.ifehe mind, it may be, supposed that the conduction of im- 
pressions is effected through the cerebro-spinal fibres 
Jirhioh are mingled in all, or nearly all, parts of the sym- 
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pathetic nerves. There are no means of deciding this ; but 
if it be admitted that the conduction is effected through 
the cerebro* spinal nerve-fibres, then, whether or not they 
pass uninterruptedly between the brain or spinal cord and 
tlie part affected, it must be assumed that their mode of 
conduction is modified by the ganglia. For, if such cere- 
l)ro-flpinal fibres are conducted in the ordinary manner, 
the parts should bo always sensible and liable to the in- 
fluence of tlio will, and impressions should be conveyed ‘to 
and fro instantaneously. But this is not the case ; on the 
contrary, through the brandies of the sympathetic nerve 
and its ganglia, none but intense impressions, or impres- 
sions exaggerated by the morbid excitability of the nerves 
or ganglia, can be conveyed. 

llespecting the general action of * the ganglia of the 
sympathetic nerve, little need be said here, since tliey may 
be taken as examples by which to illustrate the common 
modes of action of all nerve-centres (see p. 483). Indeed, 
(jomplex as the sympatlietic system, t&keii as a whole, is, 
it presents in each of its jiarts a siruplicity not to bo found 
iu the cercbro-spinal system : for each ganglion u ith 
aiferent and efferent nerves forms a simple nervous system, 
and might serve for the illustration of all the nervous 
actions with wliich the mind is unconnected. But it w’ill 
he more convenient to consider the ganglia now in connec- 
tion wdtli the functions that they may be supposed to con- 
trol, in the several organs supplied by the sympathetic 
system alone, or in conjunction with the cerebro-spinal/ 

The general processes which the sympathetic appears to , 
influence, are those of irfvoluntary motion, secretion, and 
nutrition. 

Many movements take place involuntarily in ports sup- 
plied wdtli cerebro-spinal nerves, as ^the respiratory and, 
other spinal reflex motions; hut thd p^ts principally 
supplied with sympathetic nerves are usually capable of 
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none but involuntary movements, and when the mind acts 
on them at all, it is only through tlie strong excitement or 
dei>rcssiiig influence of some passion, or tlirougli some 
voluntary movement with w'hich the actions of the involun- 
tary part are commonly associated. The heart, stomach, 
and intestines are examples of these statements ; for tlie 
heart and stomach, thougli supplied in large measure from 
the pneumogastric • nerve#, yet probably derive through 
tfiem few filaments except su(;h as have arisen from their 
ganglia, and are ‘ therefore of the nature of sympathetic 
fibres. 

Tlie parts which are supplied with motor ppwer by the 
sympathetic nerve continue to move, though more feebly 
than before, when they are separated from their natural 
connections with th6 rest of the sympathetic system, and 
wholly removed from the body. Thus, the heart, after it 
is taken fruin tlie body, continues to beat in Mammalia for 
one or two minutes, in reptiles and Amphibia for hours; 
and the peristaltic niotions of the intestine continue under 
the same circuiiistaiices. Hence the motion of the parts 
supplied with nerves from tlie sympathetic are shown to 
})e, in a measure, iudepeudent of the brain and spinal 
cord. 

Ir seems to be a general rule, at least, in animals that 
have both cerebro- spinal and sympathetic nerves much de- 
veloped, that the involuntary movements excited by stimuli 
convoyed througli ganglia are orderly and like natural 
movements, while those excited through nerves without 
ganglia are convulsive and disorderly ; and the probability 
is that, in the natural state, it is through the same ganglia 
that natural stimuli, impressing centripetal nerves, are 
reflected through centrifugal nerves to the involuntary 
muscles. As che pofuscles of respiration are maintained 
.in uniform rhythmic action cjiiefly by the reflecting and 
combining powjEsr (S£ the medulla oblongata, so, probably, 
are those of the heart, stomach, and intestines, by. their 



THE SYMrATlIETIO NERVE. 


S7S 


Heveral p^anglia. And as wifli the ganglia of the symp«a- 
thetic and their nerves, so with the medulla oblongata and 
its nerves distributed to respiratory muscles, — if these 
nerves or the me Julia oblongata itself be directly stimu- 
lated, the movements that follow are convulsive and 
disorderly; but if the medulla be stimulated through a 
(3eutri petal nerve, as when cold is ap[)lied to the skin, then 
the impressions are reflected so as to produce movements 
which, though tliey may be very quick and almost con- 
vulsive, are yet combined in the plan of the proper res- 
piratory acts. 

Among tl^p ganglia of the sympathetic nerves to Avhich 
this co-ordination of movements is to bo ascribed, must be 
reckoned, not those alone which are on the principal trunks 
and branches of the sympathetic external to any organ, 
])ut those also which lie in the very substance of the 
organs ; such as those dis(;overed in the heart by llemak. 
Tiiose also may be included which have been found in tlie 
mesentery close by the intestines, as well as in the sub- 
mucous tissue of the stomach and intestinal canal (Meiss- 
ner), and in other parts. The extension of discoveries 
of such ganglia will probably diminish yet further the 
number of instances in which the involuntary movements 
appear to he effected independently of central nervous 
influence. 

Respecting the influence of the sympathetic nerve in 
mitrition and secretion, we may refer to the chapters on 
those processes. « 

The influence of the sympathetic nerves on the blood- 
vessels has been already referred to in the Section on the 
Arteries. It was stated *that the muscular tissue of the 
blood-vessels was supplied by sympathetic nerve-branches, 
called from their distribution and* function vaso~motor 
nerves ; and that by these ^e condition of the vessels with, 
respect to contraction or rel^ation, and therefore to the. 
streaim^ of blood which flowed ibrougli them in a given 
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time, is governed. When these vaso-motor nerves arc 
intact, the muscular tissue of the arteries is always in a 
state of tonic contraction, which varies in degree at 
diiferent times. When they are divided, the muscular 
fibres in which they are distributed are paralyzed, and the 
blood-vessels become dilated. The most usual exj)eriment 
in illustration of these facts is performed by exposing in a 
rabbit the cervical sympathetic, from wliicdi vaso-molor 
branches are given to the blood-vessels of tlie head and 
ne(‘k. On dividing the nerve, the blood-vessels of the 
same side are paralyzed, and the stream of blood, now un- 
<'ontrolled, dilates them. The effect is best seoii in the ear, 
tlie blood-vessels of A\'liich become manifestly larger tliau 
those of the opposite side ; Avliile the part becomes redder 
and warniC3r fi’om the increased (quantity of blood circu- 
lating through it. On gulvaiiizing the upper divided 
extremity of the nerve, the muscular fibres of the blood- 
vessels respond to the stimulus by again contracting, and tho 
parts become paler, colder, and less sensitive than natural. 

The vaso-motor nerves arise directly from tlie S 3 unpa- 
thetic. Thus the blc^od-vessels of the liead and neck are 
supplied by brandies ficoin the superior cervical ganglion, 
those of the tl’iorax from the cervical and upper dorsal 
ganglia, those of the abdomen chieflj^ by the splanchnic 
nerves, and so forth. Hut it is now generally agreed, from 
the results of experiments by Ludwig and others, that the 
principal vaso-rnutur nerve-centre^ with which all these nerves 
communicate, and by whicli their action is regulated, is 
situate in the medulla oblongata — or, in other words, that 
the vaso-motor fibres, arising from this nerve-centre, pass 
down the spinal cord, and issuing by tho anterior roots of 
the spinal nerves, enter the various ganglia on the prm- 
vertebral cord of ihe^ sympathetic, and thence reach their 
^astinatlon, probably taking wijh them fibres which arise 
M the ganglia through which they pass. The vaso-motor 
^ntre in the medulla appears to have a regulating power 
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over the wliole of the vaso-motor nerves ; but it seems 
likely that other secondary vaso-motor centres may exist 
in ganglia in different parts of the body, and may be tho 
(ieutres by which, under ordinary circumstances, vaso- 
motor changes are regulated in the territory in which they 
are placed. 

The vaso-motor nerve-centres are not only centres from 
wliich influences are directly transmitted to the blood-^ 
vessels, but, like other nerve-centres, may be the means I>y 
which impulses are reflected (p. 486). And reflex actions 
occur in connection with the muscular fibres of blood-ves- 
sels, as with those of the voluntary muscles. Such reflected 
impressions may lead either to contractuw: or to dilatation 
of blood-vessels ; or, in oilier words, the action may be excito- 
f 7 a 8 o-?)iotor, or vaso-inhihitor 7 j, ThO' most remarkable 
instance at present known of a nerve, the stimulation of 
wliich leads by reflex action through the vaso-motor centre 
in the medulla oblongata, to dilatation of blood-vessels, 
is the depressor branch of the vagus (p. 563) ; but similar 
effects have been observed in a less degree, on stimulating 
other aflerent spinal nerves.* 

It is, of course, very difficult to determine the relative 
share exercised by the true sympathetic and the ordinary 
cerebro-spinal fibres in the contraction of blood-vessels, 
and in tlie general processes of nutrition and secretion, 
since both kinds of fibres appear to be distributed to most 
parts, and there seems to be no possibility of isolating 
them. Probably the safest view of tho question at present 
is, still to regard all the processes of organic life, in 
man, as liable to the combined influences of the cere- 
bro-spinal and the sympathetic systems ; to consider that 
those influences may be so combined as ihat the' sympa- 

* For an adtuirablo summary of what is at present known regarding 
the Innervation of the Heart and Blood-vcssals, see Lectures by Dr. 
Uuthei^ord, in the ** Lancet," December 16th, 1871, and January 20, 

1872. . 
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thctic nerves and ganglia may be in man, as in the lower 
animals, tbe parts through which the ordinary and constant 
influence of nervous force is exercised on the organic 
processes ; while the corebro-spinal nervous centres and 
their ganglia are so closely connected with the proper 
sympathetic ganglia, tliat neither of thorn can be said to 
be independent of tlie other ; each, as a rule, and under 
ordinary circumstances, governing its own domain, but 
always liable to be influenced by the other. 


CHAPTER XVII. 


CAUSES AND PHENOMENA OP MOTION. 


The most evident vital motions observable in the bodies 
of animals, are iiorformed in one or other of the following 
ways : flrst, by means of the oscillatory motion or vibration 
of microscopic ciliaP, with which the surfaces of certain 
membranes are beset; and secondly, by the contraction of' 
fibres which either have a longitudinal direction and are 
fixed at both extremities, or form circular bands : the con- 
trdetiou 6 r shortening of the fibres bringing tlie parts tb* 
they are fixed nearer to each other." There are, 
besides, Various molecular movements allied to those which 
need noi here be considered. 

it. 

CHilAEV MOTION. 


Ciliary motion consists in the incessant vibration of fine,’^ 
peRueid, blunt processes, about of an inch long, 

termed cilia (figs, 153, I54), situated on the free extremi- 
of the cells epithelium covering certain surfaces of 
i'^e btjdy. 

f ^he diStributiaiU^^ and structure of ciliary epithelium 
ilpdfhe mi< 3 |jri^j^Uca|(>earan^^ of cilia in motion have 
^^ef^%dtesdri (p. 33), 
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Ciliary motion seems to be alike independent of tlie 
wiU, of tbe direct iiifluonce of the nervous system, and of 
muscular contraction, for it is involuntary* there is no 
nervous or muscular tissue in the immediate neighbour- 
hood of the cilia, and it continues for several hours after 
death or removal from the body, provided the portion of 
tissue under examination be kept moist. Its independence 
of the nervous system is shown also in its occurrence in 


* 54- 1 



the lowest invertebrate animals apparently unprovided 
with anything analogous to a nervous ^system, in its per- 
sistence in animals killed by prussic acid, by narcotic or 
other poisons, and after tho direct aj^l^li^ ation of nar- 
(‘.otics to the ciliary surface, or the dischai ge of a Leyden 
jar, or of a galvanic shock through it. Tho vapour of 
chloroform arrests the motion ,* hut it is renewed on the 
discontinuance of the application (Lister). According to 
Kiihne, the movement ceases in an atmosphere deprived 
of oxygen, but is revived on tho admission of this gas. 
Carhpidc acW stops the movement. Tho contact of various 
substances wdll stoj) the motion altogether ; but this seems 
depend chiefly on destruction of the delicate substance 
of which the cilia are composed. 

Little or nothing is known with certainty regarding 
tlie nature of ciliary action. As Dr. ^Sharpey observes, 

* Fig. 153, Spheroidal ciliated ^cells from the mouth of the frog; 
magiiifiod 300 diameters (Sharpey). ' 

, t Fig. 154, CJolumnar cilialKjd epithi^mru ^oells. 
nasal membrane ; magnified 300 diameters (Sliarpey). • - 

> r 2 
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however, it is a special manifestation of a similar pro- 
perty to that by which, the other motions of animals are 
effected, namely, by what we term vital contmctility. The 
fact of the more evident movements of the larger animals 
being effecjted by a structure apparently different from 
that of cilia, is no argument against such a supposition. 
For, if we consider the matter, it will be plain that our 
prejudices against admitting a relationship to exist between 
the two structures, muscles and cilia, rests on no definite 
ground ; and for the simple reason, that we know so little 
of the manner of production of movement in either case. 
The mere difference of structure is not an , argument in 
l)oiut ; neither is the presence or absence of nerves. The 
movements of Ijoth muscles and cilia are manifestations of 
force, by certain special structures, which we call respec- 
tively muscles and cilia. We know nothing more about the 
means by which the manifestation is effected by one of 
tliese structures than by tho other ; and the mere fact that 
one has nerves and* the other has not, is no more argument 
against cilia having what we call a vital power of contrac- 
tion^ than tho presence or absence of stripes from voluntary 
or involuntary muscles respectively, is an argument for 
or against the contraction of one of them being vital atld 
the other not so. Inasmuch then as cilia are found in 
living structures only, and inasmuch as they are a means 
whereby force is transformed (see Chap. II.), their peculiar 
properties have as much right to be invested with the 
term vital as have those of muscular fibres. The term 
may be in both instances $ bad one, — it certainly is an 
unsatisfactory one, — but it is as good for one case as tho 
other, 

MUSCULAR MOTION. 

'There are two cBief kinds of muscular tissue, the striped, 
Mind the plain or pnstriped, ^pd they are distinguished by 
structural peculiaritiess and mode of action. The gtriped 
form of muscular fibTo is sometimes callsd voluntary muscle, ' 
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hccause all muscles under tlie control of tlio will are con- 
structed of it. The plain or unstriped variety is often 
termed involuntary, because it alone is found in the greater 
number of the muscles over which the will has no power. 

Tlie involuntary or unstriped muscles are made up, 
acewding to Kiilliker, of elongated, spindle-shaped, nu- 
cleated fibre-cells (fig. ISS), which in their most perfect 
form are flat, from about to broad, 

and about to tIo length, — very clear, 

granular, and brittle, so that when they break, they often 
have abruptly rounded or square extremities. Each fibre- 


Ff’if. 155.* jFt.7. iso.t 



cell possesses an elongated nucleus, and many are marked 
along the middle, or, more rarely, along one of the edges, 

* * 55 - Muscular fibre-cells from human arteries, magnified 

350 diameters (Kblliker), a, natural state ; b, treated with acetic 
acid. ' ^ 

t Fig. 156. Plain muscular fib!^ from th*c» human bladder, mag- 
nified 250 diameters, a, in their natui il state ; 6, treated with 1 
acid to shpw the nuclei. 
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either by a fine continuous dark streak, or by short iso- 
lated dark . lines, or by dark points arranged in a row, or 
scattered. These fibre- cells, by their union, form Jihres 
and bundles of fibres (fig. 156). The fibres have no 
distinct sheath. 

The fibres of involuntary muscle, such as are here 
described, form the proper muscjular coats of the 
digesiive canal from 4 h 6 middle of tho (xysophagus to 
the internal sphineler ani, of tho ureters and urinary 
bladder, the trachea and bronchi, tho ducts of glands, 
the gall bladder, the vcsiculso seminales, the pregnant 
uterus, of blood-vessels and lymphatics, the Hs, and some 
other parts. , 

This form of tissue also enters largely into the compo- ; 
sition of tlie tunica dartos, and is the juincipal cause of 
tho wrinkling and contraction of the scrotum on exposure 
to cold. Tho fibres of tho cremaster assist in some measure 
in producing this effect, but they are chiefly concerned in 
drawing up the testis and its coverings towards the inguinal 
opening. Unstriped muscular tissue occurs largely also 

in the cutis (p. 421), 
being especially abun- 
dant at tho interspaces 
between the bases of 
the, papilloE). Ilenco, 
when it contracts under 
the influence of cold, 
fear, electricity, or any 
other stimulus, the 
papillro are made un- 
usually prominent, and give rise to the peculiar rough- 


* Fig. 157. Perpchciictilar section through the scalp, with two hair- 
a, epideimis; etttis, c, muscles of the hair-follicles (after 
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ness of the skin termed Mis anserinaj or goose-skin. It 
occurs also in the superficial portion of the cutis, in all 
parts where hairs occur, iq. the form of flattened roundish 
bundles, which lie alongside the hair-follicles and sebaceous 
glands. They pass obliquely from without inwards, em- 
brace the sebaceous glands, and are attached to the hair 
follicles near their base (fig. 157). 

To this kind of muscular fibre the term organic is often 
applied, from tlie fact that it enters especially into the 
construction of such parts as are concerned in what has been 
called organic life (see note, 464). 

The uiuseJiiS of animal life, or muscles, include the 
wdiole class of voluntary muscles, the heart, and those 
uiuscles neither completely voluntary nor involuntary, which 
form part of the walls of the pharynx, and exist in many 
other parts of the body, 
as the internal ear, ure- 
thra, etc. All these 
muscles are composed 
of fleshy bundles called 
fasciculi, enclosed in 
coverings of iibro-cellu- 
lar tissue, by which each 
is at once connected 
with, and isolated from, 
those adjac(3nt to it (fig, 158). Each bundle is again 
divided into smaller ones, similarly enslieathed and simi- 
larly divisible ; and so on, through an uncertain number 
of gradations, till one arrives at the primitive fasciculi, or 
the muscular fibres peculiarly so called. 



• • 

* Fig- ^5^- ^ small portion dT muHule, natiltal size, consisting of 
larger and smaller fasciculi, seen in a ti^msverse -section, and the i^me 
magnified 5 diameters (after Sharpey). 
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Muscular consist, each of tliem, of a tube or slioath 
■of delicate structureless membrane, called the sarcolemma^ 
enclosing a number of filaments or fibrils. They are 

cylindriform or prismatic, 
with five or more sides, 
according to the manner in 
'which they are compressed 
by adjacent fibres. Their 
average diameter is about 
-IT of an inch, and their length never exceeds an inch 
and a half. 


Fi(j. 1 59 -* 



Each muscular fibre is thus constructed .t — E xternally 

is a fine, transparent, struc- 
t lire! ess membrane, called 



tlie sarcoleuimOy 'which in 
tlie form of a tubular in- 
vesting sheatli forms the 
outer wall’of the iil>re, and 
is filled by the contractile 
material of wliicli the fibre 
is chiefiy made up. Some- 
times, from its comparative 
t iughness, the siircolemma 
will remain untorn, when 
by extension the contained 
part cau be broken (fig. 
159), and its presence is 


in this way best demonstrated. The fibres, which are 


cylindriform or prismatic, wdth an average diameter of 
about 3-^5 of an inch, are of a pale yellow colour, and 
apparently marked by fine strito, which pass transversely 


* frig. 159. Muaculfr* fibre torn across ; the sarooloinrna still con- 
necting tlie two parts of the fibre (after Todd and bowman). 

t Fig. 160. A fewwxhuscular being part of a small fascicnlns, 
lugl\Jy magnified, showing the transverse striae, a, ond view of 5 , 
fibres ; c, a fibre split into its fibrils (after Sliarpey), 
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round them, in slightly curved or wholly parallel lines. 
Other, but generally more obscure strice, also pass 
longitudinally over the tubes, and indicate the direction 
of the filaments or primitive of whicli the substance 

of each fibre is composed (fig. 1 60). 

Tlie whole substance of the fibre contained within the 
sarcolemma may be tlius supposed to be constructed of 
longitudinal fibrils — a bundle of fibrlh surrounded by the 
surcolemma constituting di. fibre, * 


Fi(j. 16 1.* 



There is still some doubt regarding the nature of the 
fibrils. Each of them appears to be composed of a single' 
row of minute dark quadrangular particles called gatcPH® 

* Fig, 1 61. A. Portion of a ineduim-8iz(?d human inn scalar fibre, 
maj}nified nearly 800 diameters. B. IScjKiraJM bundles of fibrils equally 
magnified ; a, «, larger, and 6, 5 ):^mallcr collbations ; c, still smaller * 
rf, the smallest which could he u*, .ached, possibly rei>resentiiig a 
single scries of sarcous elements (after Siuivpey). 
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elements, wliicli are separated from oach other by a bright 
space formed of a pellucid substance continuous with 
them. A fine streak can be sometimes discerned passing 
across the bright interval between the sarcous elements. 
T)r. Sharpey believes that, even in a fibril so constituted, 
the ultimate anatomical element of the fibre has not been 
isolated, lie believes that each fibril with quadrangular 
sarcous elements is ^'Composed of a number of other fibrils 
sfill finer, so that the sarcous element of an ultimate fibril 
would be not quadrangular but as a streak, and the dark 
transverse streak on the bright space but a row of dots. In 
either ease the appearance of striation in tin?, whole fibre 
would be produced by the arrangement, side by side, of the 
dark and light portions res2)ectively of the fibrils (fig. l6l). 

Although ea(th mtiscular fibre may be considered to bo 
formed of a number of longitudinal fibrils, arranged side 
by siUe, it is also true that tliey are not naturally soparato 
from each other, there being lateral cohesion, if not fusion, 
of each sarcous elenfeiit with those around and in contact 
with it ; so that it happens that there is a tendency for a 

Fiu. i()2* sjdit, not only into separate fibrils, 

but also occasionally into plates or disks, 
each of wdiich is composed of sarcous ele- 
ments laterally adherent one to another. 

The muscular fibres of the heart, although 
striped and resembling closely those of the 
voluntary muscles in their general stru(iture, 
present these distinctions : — They are finer 
and more faintly striated, they branch and 
anastomose one with another, and no sarco- 
lemma can be usually discerned (fig. 162). 

The voluntary muscles are freely supplied with blood- 
vessels ; the capillaries form a network with oblong meshes 

* Fig, 162: Muscular fibres frpm the heart, magnified, showing their 
cross- stria, divisions and junctions (from Kolliker), 
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around the fibres on the outside of the sarcolemma. 
No vessels penetrate the sarcolemma to cuter the interior 
of the fibre. 

Nerves also are supplied freely to muscles ; the voliin- « 
tary muscles receiving chiefly nerves from tho cerebro- 
spinal system, and the uiistriped muscles from the syin^ 
pathetic or ganglionic system. 

Properties of Muscular Tissue, '• 

Tbe property of muscular tissue, by which its i^eculiar 
functions are exercised, is its contractility, which, in 
tlie contraction or shortening of muscle, is excited by all 
kinds of stimuli, applied either directly to the muscles, or 
indirectly to them through the medium of tlieir motor 
nerves. This property, although coihmonly brought into 
action through the nervous system, is inherent in tho mus- 
cular tissue. For — it may be manifested, in a muscle 
which is isolated from tho influence of the nervous system 
by division of the nerves supplying it, so long as tho natural 
tissue of the muscle is duly nourished ; and 2/id/y, it is 
manifest in a portion of muscular fibre, in whicli, under 
the mifroscopo, no nerve-fibro can be traced. 

If the removal of nervous influence bo long continued, 
as by division of the nerve sui)plying a muscle, or in cases 
of paralysis of long-standing, the irritability, i.e,, the 
power of both iiorceiving and responding to a stimulus, 
may be lost; but probably this is chiefly duo to the 
impaired nutrition* of the muscular tissue, which ensues 
through its inaction (J, Reid). The irritability of muscles 
is also of course soon lost, imless a supply of arterial blo^ 
to them is kept up. Thus, after ligature of the main 
arterial trunk of a limb, the power of moving the muscles 
is partially or wholly lost, until the cdllateral circulation is 
established ; an4 when, in gmimals, the abdominal aorta ie^ 
tied, the hind legs arerendetfed almost p'bwerless (Segalas). 
So, also, it is to the imperfect siipply of arterial blodd to 
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the muscular tissue of tlie heart, that the cessation of the 
action of this organ in asphyxia is in some measure due 
(p. 231). 

Besides the property of contractility, the muscles, espe- 
cially the striated or tliose of animal life, possess sensibility 
by means of the sensitive nerve-fibres distributed to them. 
The amount of common sensibility in muscles is not great; 
for thej'’ may be ^cut (ft* pricked without giving rise to 
sfevero pain, at least in their healthy condition. But they 
have a peculiar sensibility, or at least a peculiar modifi- 
cation of common sensibility, wliieh is shown in that tlieir 
neiwes can communicate to the mind an accurate knowledge 
of their states and positions when in action. By this sensi- 
bility, we are not only made conscious of the morbid sensa - 
tions of fatigue and cramp in muscles, but acquire, through 
muscular action, a knowledge of the distance of bodies and 
their relation to each other, and are enabled to ostimato and 
compare their weight and resistance by the effort of which 
wo are conscious in * measuring, moving, or raising them. 
Except with such knowledge of the position and state of 
each muscle, we could not tell how or when to move it for 
any required action ; nor witliout such a sensation of effort 
(jould we maintain the muscles in contraction for any pi‘o- 
longed exertion. 

'JTie mode of contraction in the transversely-striated mus- 
cular tissue, has been much disputed. The most probable 
account, which has been especially illustrated by Mr. 
Bowman, is that the contraction is effected by ^ approxi- 1 
mation of the constituent parts of the fibrils, which, at the ' 
instant of contra(ition, without any alteration in their 
general direction, become closer,' flatter, and wider ; a con- 
(lition which is rendered evident by the approximation of 
the transverse strise^seen on the surface of the fasciculus, 
.and by its increased breadth apd thickness. The appear- 
ance of the zigzag linos into which it was supposed the 
fibres are thrown in contcactiou, is due to the relaxation of 



CONTRACTION IN STRIATED MUSCLES. 589 


a fibre wliicli haa been recently contracted, and is not at 
once stretched again by some antagonist fibre, or whose 
extremities are kept close together by the contractions of 
other fibres. The contraction is therefore a simple, and, 
according to Ed. Weber, an uniforui, simultaneous, and 
steady sliortening of eacli fibre and its contents. What ‘ 
ea(jh fibril or fibre loses in length, it gains in thickness : 
the contraction is a change of form nob of size ; it is, there- 
fore, not attended with any diminution in bulk, from coil- 
densation of the tissue. This has been proved for entire 
muscles, by making a mass of muscle, or many fibres to- 
gether, contract in a vessel full of water, with whicli a fine, 
perx)endicular, graduated tube communicates. Any dimi- 
nution of the bulk of the contracting muscle would be 
attended by a fall of fluid in the tube ; but when the ex- 
periment is carefully X)erformed, the level of the water in 
the tube remains the same, whctlier the muscle be con- 
tracted or not.^" 

In thus shortening, muscles appear* to swell up, becom- 
ing rounder, more x^rominent, harder, and ax)parently 
tougher. But this liardness of muscle in the state of con- 
traction, is not due to increased firmness or condensation of 
the muscular tissue, but to the increased tension to which 
the fibres, as well as their tendons and other tissues, are 
subjected from the resistance ordinarily opposed to their 
contraction. When no resistance is offered, as when a 
muscle is cut off from its tendon, not only is no hardness 
perceived during contraction, but the muscular tissue is 
even softer, more extensile,, and less elastic than in its 
ordinary uncontracted state (Ed. Weber). 

Heat is developed in the contraction of muscles. Bee- 
querel and Breschet found, with the thermo-multiplier, 


* Edward Weber, however, states that a ver^ slight diminution doeT 
take place in the bulk of a contractin-j tuuscIo ; but it is so slight as to 
be practically of 110 moment. 
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about 1® of heat produced by each forcible contraction of 
a man’s biceps ; and when the actions were long continued, 
the temperature of the muscle increased 2°. It is not 
known whether this development of heat is due to chemi- 
cal changes ensuing in the muscle, or to the friction of its 
fibres vigorously acting : in either case, wo may refer to it 
a part of the heat developed in active exercise (j). 23^). 
And Nasse suspects tluit to it is due the higher tempera- 
ture of the blood in the left ventricle; for he says that 
this fluid is always warmer in flie left ventricle than in the 
left auricle, and that the blood in the latter is but little 
warmer than that on the right side' of the hear^. But these 
experiments need confirmation. 

Sound is said to he produced when muscles contract for- 
cibly. Dr. Wollaston showed that this sound might bo 
easily heaixl by placing the tip of the little finger in fiie 
oar, and ttion making some muscles contract, as those (d' 
the ball <jf the thumb, wdiose sound may be conducted to 
the ear through thfe substance of the liand and finger. 
A low shaking or rumbling sound is heard, tlie height 
and loudness of the note being in direct proj)ortion to 
the force an<l quickness of the muscular action, and 
to the number of fibres that act together, or, as it wei;p, 
in time. 

The two kinds of fibres, the striped and unstriped, have 
cliaracteristic differences in the mode in which they act on 
the application of the same stimulus; differences whicli 
may be ascribed in great part to their respective differences 
of structure, but to some degree possibly, to tlioir respec- 
tive modes of connection with the nervous system. When 
irritation is ai)plied directly to ' a muscle wdth striated 
fibres, or to the motor nerve supplying it, contraction of 
Ihe part irritated, rfnd of that only, ensues; and this 
^^htraclion is instantaneous, jind ceases on the instant 
of withdrawing th6 irritation. But when any part with 
f unstrij^ed muscular fibres, the- intestines or bladder, is 
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irritated, the siihsequent contraction ensues more slowly, 
extends beyond the part irritated, and with alternating 
relaxation, continues for some time after the withdrawal 
of the irritation. Ed. Weber particularly illustrated the 
difference in tlio modes of contraction of the two kinds of 
muscular fibres by the effects of the electro-magnetic 
stimulus. The rapidly succeeding shocks given by this 
means to the nerves of muscles excite in ail the trans- 
versely-striated muscles a fixed state of tetanic contraction* 
■which lasts as long as, the stimulus is continued, and on 
its witlidrawal instantly ceases : but in the muscles with 
smooth fihre.% they excite, if any movement, only one that 
ensues slowly, is comparatively slight, alternates witli rest, 
and continues for a time after the stimulus is withdrawn. 

In their mode of responding to these stimuli, all the 
voluntary muscles, or those wdth transverse stria*, are 
alike; but among those with plain or unstriped fibres 
tliere are many differences, — a fact which tends to confirm 
the opinion that their pecailiarity dei)chd8 as well on their 
connection with nerves and ganglia as on their own 
j)ropertie8. According . to Weber, the ureters and gall- 
bladder are the i)art8 least excited by stimuli : tJiey do not f 
act^at all till the stimulus has been long applied, and then f 
(jontract feebly, and to a small extent. . TJie contractions ; 
of the ca3ciim and stomach are quicker and wider-spread : 
still quicker those of the iris, and of the urinary bladder 
if it be not too full. The actions of the small and large 
intestines, of the vas deferens, and pregnant uterus, are 
yet more vivid, more regular, and more sustained ; and they 
require no more stimulus than "that of the air to excite 
tliem. The heart is the quickest and most vigorous of all 
the muscles of organic life in contracting upon irritation, 
and appears in this, as in nearly all bther respects, to be 
the connecting member of th^ two classes of muscles. 

All the muscles retain theil property oT contracting un- 
der the influence of stimuli, applied to them or to their 
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nerves for some time after death, the period being longer 
in cold-blooded than in warm-blooded Vertebrata, and 
shorter in birds than in Mammalia. If; would seem as if 
the more active the resj)iratory process in the living ani- 
mal, the shorter is the time of duration of the, „ irritability 
in tlie muscles after death ; and this is confirmed by the 
comparison of ditferont species in the sa^e order of Ver- 
tebra ta. But tlie period during which this irritability 
fasts, is not the same in all persons, nor in all the muscles 
of - the same persons. In* a man it ceases, according to 
Nysten, in the following order : — first in the left ventricle, 
tiieii in tlie intestines and stomach, the urinary bladder, 
right ventricle, oesophagus, iris; then in the voluntary 
muscles of tlie trunk, lower and upper extremities ; lastly 
in the right and left auricle of the heart. ♦ 

After the muscles of the dead body have lost their irri- 
tability or capability of being excited to contraction by the 
application of a stimulus, they sj)ontaneously pass into a 
state of contraction*, apparently identical with that which 
ensues during life.* It affects all the muscles of the body; 
and, where external circumstances do not prevent it, com- 
monly fixes the limbs in that which is their natural posture 
of equilibrium or rest. Hence, and from the simultaneous 
(ion tract ion of all the muscles of the trunk, is produced a 
general stiffening of the body, constituting the ri^or mortis 
or post-mortem riyidlty*jf 

* If, however, arterial blood bo made to circulate tliroiigh the body 
or throvvgh a limb, tlie mortem contraction of the muscles thus sup- 
plied with blood, may, as Dr. Brown-Sdquard has shown, bo suspended, 
and the muscles again admit of contracting on the application of a 
.stimulus. 

t It should bo stated here, however, that the generally accepted ex- 
planation of the state of the muscles during rigor mortis^ namely, that it 
is due to contraction of t&e fibres, as in strong action during life, is denied 
by some xdiysiologists, who maintaii| that the condition of the muscles is 
not due to contractlrfU at all, but is caused by a kind of coagulation of 
the dnteji-ftbrillar juices. This idea has been of late especially sup- 
ported Pr. Norris (see Camb. J, of Anat. and Phys., Part 1.), - 
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The muscles are not affected exactly simultaneously by 
the post-mortem contraction, but rathen in succession. It 
affects the neck lower jaw first ; next, the upper ex- 
tremities, extending from above downwards; and lastly, 
reaches the lower limbs; in some rare instances only, it 
affects the lower extremities before, or simultaneously 
with, the upper extremities. It usually ceases in the order 
in which it began ; first at the head, then in the upper ex- 
tremities, and lastly in the lower extremities. According* 
to Sommer, it never commences earlier than ten minutes, 
and never later than seven hours, after death ; and its 
duration is greater in proportion to the lateness of its 
accession. According to Schiffer, and others have con- 
firmed the truth of his observation, heat is developed 
during the passage of a muscular fibre into the condition 
of rigor mortis. 

Since rigidity does not ensue until muscles have lost 
the capacity of being excited by external stimuli, it follows 
that all circumstances which cause a sjfeedy exhaustion of 
muscular irritability, induce an early occurrence of the 
rigidity, while conditions by which the .disapjjearance of 
the irritability is delayed, are succeeded by a ’tardy onset 
of this rigidity. Hence its speedy occurrence, and equally 
speedy departure in the bodies of persons exhausted by 
chronic diseases ; and its tardy onset and long continuance 
after sudden death from acute diseases. In some cases of 
sudden death from lightning, violent injuries, or paroxysms ! 
of passion, rigor mortis has been said not to occur at all ; ^ 
but this is not always the case. It may, indeed, be doubted 
whether there is really a complete absence of the post- 
mortem rigidity in any such cases ; for the experiments of 
M. Brown-Sequard with electro-magnetism make it pro- 
bable that the rigidity may supervene? immediately after 
death, and then pass away with such rapidity as to be 
scarcely observable. Thus, he took *ftve rabbits, and 
killed them by removing their hearts. In the first, rigidity 
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came on in lo hours, and lasted 192 hours ; in the second, 
which was feebly electrified, it commenced in seven hours, 
and lasted 144 ; in the third, which ,was more strongly 
electrified, it came on in two, and lasted 72 hours ; in the 
fourth, which was still more strongly electrified, it came 
on in one hour, and lasted -20 ; while, in the last rabbit, 
which was submitted to a powerful electro-galvanic cur- 
rent, the rigidity ensued in seven minutes after death, and 
' passed away in 25 minutes. From this it appears that 
,the more powerful the electric current the sooner does 
the rigidity ensue, and the shorter is its duration ; and as 
the lightning shock is so much more powerful than any 
ordinary electric discharge, the rigidity may ensue so early 
after death and pass away so rapidly as to escape detection. 
The influence exorcised upon the onset and duration of 
post-mortem rigidity by causes wliieh exhaust the irritability 
of the muscles, was well illustrated in further experiments 
by the same phsyiologist, in which he found that the rigor 
mortis ensued far more rapidly, and lasted for a shorter 
period in those muscles which had been powerfully elec- 
trified just before death than in those which had not been 
thus acted upon. 

The occurrence of rigor mortis is not prevented by^: 
the previous f.xistence of paralysis in a part, provided tlie 
paralysis has not been attended with very imperfect nutri- 
tion of the muscular tissue. 

The rigidity affects the involuntary as well as the volun- 
tary muscles, whetiier they be constructed of striped or 
unstriped fibres. The rigidity of involuntary muscles 
with striped fibres is shown in the contraction of the heart 
aftfer death. The contraction of the muscles wiA un- 
striped fibres is shown by an experiment of Valentin, who 
fewnd tliat if a graduated tube connected with a portion 
of intestine taken from a recently-slain animal, be filled 
with water, and ^tfed at the opposite end, the water will in 
a few hours rise to a considerable height in the tube, ' 
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owing to the contraction of the intestinal walls. It is still 
better shown in the arteries, of which all that have mus- 
cular coats contract after death, and thus present the 
roundness and cord-like feel of the arteries of a limb lately 
removed, or those of a body recjently dead. Subsequently 
they relax, as do all the other muscles, and feel lax and 
flabby, and lie as if flattened, and with their walls nearly 
in contact.*^' 

Actions of the Voluntary Muscles, 

The greater part of the voluntary muscles of the body 
act as sources of power for moving levers,— tlie latter 
consisting of* the various bones to which the muscles are 
attached. 

All levers have been divided into three kinds, according 
to the relative position of the power, the weight to be moved, 
and the axis of motion or fulcrum. In a lever of tho first 
kind the power is at one extrettnity of the lever, the weight 
at the other, and the fulcrum between the two. If the 
initial letters only of the power, weight, and fulcrum be 
used, the arrangement will stand thus : — P.F.W. A 


* Althougli the preceding remarks represent the views generally enter- 
tained in regard to muscular action, yet it must be observed that a new 
and very different theory on the subject has been lately advanced by 
several writers, and especially developed by Dr. Iladclitfe, who has also 
made it the basis of new views on the pathology of various convulsive 
affections. According to this doctrine, the ordinary relaxed or elongated 
state of a muscle is due to a certain ** state of polarity’* in which the 
muscle is maintained, and contraction is brought about by anything 
(such as an effort of the will) which liberates the muscle from this 
influence, and thus leaves it to the operation of the attractive force 
inherent in the muscular molecules. According to this doctrine, also, 
the stage of rigor mortis is readily explicable : death depriving the 
muscles of the “ state of polarity ” whereby they had hitherto been kept 
relaxed, and thus allowing the attractive force of the muscular particles 
to come into play. For facts and arguments in .support of this view, ^ 
and for references anxl confirmatory opinions, Dr. Radcliffe's work On 
Epileptic and other Convulsive Affec’Kions may be consulted. * 

Q Q 2 
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poker, as ordinarily used, or the bar in fig. 164, may be 
cited as an example of this yarie^ of lever ; while, as an 
instance in which the bones of the human skeleton are 
used as a lever of the same kind, may be mentioned the 
act of raising the body from the stooping posture by 
means of the hamstring muscles attached to the tuberosity 
of the ischium (fig, 163). 

r 4U1J. lUj.^ 



In a lever of the second kind, the arrangement is thus : 
— P.W.F. j and this leverage is employed in the act of 
raising the handles of a wheelbarrow, or in stretching 

164, 



an elastic band as In fig. i<)4. In the human body the act 
of opening the mouth by depressing the lower jaw, is an 
example of the same kind, — ^the tension of the muscles^ 
wfiich close the jaw representing the weight (fig. i64)‘ 
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In a lever of the third kind the arrangement is— F.P.W., 
and the act of raising a pole, as in iig. 165, is an example. 
In the human body there are numerous examples of the 
employment of this kind of leverage. The act of bending 
the fore-arm may be mentioned as an instance (fig. 165). 

Fig. 165. 




In the human body, levers are most frequently used at a 
disadvantage fts regards power, the latter being sacrificed 
for the sake of a greater range of motion. Thus in the 
diagrams of the first and third kinds it is evident that the 
power is so close to the fulcrum, that great force must be 
exercised in order to produce motion* It is also evident, 
however, from the same diagrams, that by the closeness of 
the power to the fulcrum, a great range of movement can 
be obtained by means of a comparatively slight shortening 
of the muscular fibres* 

The greater number of tlie more important muscular 
actions of the human body — ‘those, namely, which are 
arranged harmoniously so as to subserve some definite 
purpose or other in the animal economy— are described in 
various parts of this work, in the sections which treat of 
the physiology of the processes by which these muscular 
actions are resisted or carried out. The combined action 
of the respiratory muscles, for instance, will be found 
described in the chapter on V Bespiratijn ; the action of 
the heart and blood-vessels, under the Kead of ^'Circula- 
tion ” ; while the movements dt the stomach and intestihes 
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are too intimately associated with the function of ‘‘ Diges- 
tion,” to be described apart from it. There are, however, 
one or two very important and somewhat complicated mus- 
cular acts which may bo best described in this place. 

Walking , — In the act of walking, almost every voluntary 
muscle in the body is brought into play, either directly 
for purposes of progression, or indij'ectly for the proper 
balancing of the head and trunk. The muscles of the 
arms are least concernoji ; but even these are for the most 
part instinctively in action also to some extent. 

Among the chief muscles engaged directly in the act of 
walking are those of the calf, which, by pulling up the 
heel, pull up also tlie astragalus, and with it, of course, 
the whole body, the 'weight of which is transmitted through 
the tibia to this bone (fig. 1 66). When starting to walk, 
Fitj, 166. 
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sayw'ith the left leg, this raising of the body is not left 
entirely to the muscles of the left calf, but the trunk is 
thrown forward in such a way that it would fall prostrate 
were it not that the right foot is brought forward and 
planted on the ground to support it. Thus the muscles of 
the left calf are assisted in their action by those muscles 
(»n the front of the trunk and legs which, by their con- 
traction, pull the body forwards; and of course, if the 
trunk form a slanting line, with the inclination forwards, 
it is plain that when the heel is raised by the calf -muscles, 
..the whole body wiU be raised, and pushed obliquely for- 
wards and up'words. The successive acts in taking the first 
itep in walking are represented in fig. 166, i, 2, 3. 
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Now it is evident that by the time the body has assumed 
the position No. 3, it is time that the riglit leg should be 
brought forward to support it and prevent it from falling 
prostrate. This advance of the other leg (in this case the 
right) is effected partly by its mechanically swinging for- 
wards, pendulum-wise, and i>artly by muscular action; 
tlie muscles used being, — those on the front of the 
thigh y which bend the thigh forwards on the pelvis, es^ic- 
cially the rectus femoris, with the psoas and the iliacusf 
2 ndhj, the hamstring muscles, whicli slightly bend the leg 
on the thigh ; and 3rd/y, the muscles on the front of tlie 
(vgy wliicli raise the front of the foot and toes, and so i)re- 
vent tlie latter in sw'iiiging forwards from hitching in the 
ground. Anybody who has attentively watched the help- 
loss flapping action of the foot and leg "in cases of partial 
paralysis alfccting the muscles of the leg, or who will, in 
his own case, note the act of bringsing the leg forward in 
walking, will be convinced of the large share which the 
muscles take in the act in question ; although, of course, 
llioir work is rendered much easier by the pendulum-like 
swinging forward of the log by its own weight. 

The second part of the act of walking, which has been 
just describc^d, is shown in the diagram (4, fig. 1 66). 

AVlien the right foot has reached the ground the action 
of the left leg has not ceased. The calf-muscles of the 
latter continue to act, and b}^ pulling up the heel, throw 
the body stilj. more forwards over the right leg, now bearing 
nearly the whole weight, until it is time that in its turn 
the left leg should swing forwards,, and the left foot be 
planted on the ground to prevent the body from faUing 
Ijrostrate. As at first, while the calf-muscles of one leg 
and foot are preparing, so to speak, to push the body 
forward and upward from behind by rising the heel, the 
muscles on the front of the ti^nk and of the S8|medeg (and^ 
of the other leg, except when it is swinging forwards (aro 
helping the act by putting the-legs and trunk, so as to muke 
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them incline forward, the rotation in the itidining forwards 
being effected mainly at the ankle-joint. Two main kinds 
of leverage are, therefore, employed in the act of walking, 
and if this idea be firmly grasped, the detail will be under- 
stood with comparative ease. ‘One kind of leverage 
employed in walking is essentially the same with that 
employed in pulling forward the pole, as in fig. 165. And 
the other, less exactly, is that employed in raising the 
handles of a wheelbarrow. Now, supposing the lower end of 
the pole to be placed in the barrow, we should have a very 
rough and inelegant, but not altogether bad representation 
of the two main levers employed in the act, of w^alking. 
The body is pulled forward by the muscles in front, much 
in the same way that the pole might be by the force applied 
at P, (fig. 165) while the raising of the heel and imMuij 
forwards of the trunk by the calf-muscles is roughly repre- 
sented on raising the handles of the barrow. The manner 
in which these actions are performed alternately by each 
leg, so that one aftdr the other is swung forwards to sup- 
port the trunk, which is at the same time jjmlicd and pulled 
forwards by the muscdes of the other, may be gathered 
from the previous description. 

There is one ^ more thing to be noticed especially in 
the act of walking. Inasmuch as the body is being con- 
stantly supported and balanced on each leg alternately, and 
therefore on only one at the same moment, it is evident 
that there must be some provision made for throwing the 
centre of gravity over the line of support formed by the 
bones of each leg, as, in its turn, it supports the weight 
of the body. This may be done in various ways, and the 
manner in which it is effected is one element in the dif- 
ferences which exist in the walking of different people. 
Thus it may be dofie by an instinctive slight rotation of 
^he pelvis on the i^ead of ea^h femur in turn, in such a 
manfier tliat the icentre of gravity of the body shall fall 
over the foot of this side. Thus when the body is pushed 
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onwards and upwards by the raising, say, of the right heel, 
as in fig. 1 66, 3, the pelvis is instinctively, by various 
muscles, made to rotate on the head of the left femur at 
the aoetabulum, to Fig. 167. 

the left side, so that 
the weight may fall 
over the line of sup- 
port formed by the 
left leg at the time 
that the right leg is 
swinging forwards, 
and leaving all tho 
work of support to 
fall on its fellow. 

Such a ' rocking * 
movement of the 
trunk and pelvis, 
however, is but an 
awkward manner of 
doing what can be 
done more gracefully by combining a slight ' rocking ’ with 
a movement of the wliole trunk and leg over the foot wliich 
is being planted on the ground (fig. 167 ) ; the action being 
accompanied with a compensatory outward movement at 
the liij), more easily appreciated by looking at the figure 
(167) than described. 

Thus the body in .walking is continually rising and 
swaying alternately from one side to the other, as its cen- 
tre of gravity has to be brought alternately over one or 
other leg ; and the curvatures of the spine are altered in 
correspondence with the’ varying position of the weight 
Avhich it has to support. The extent to which the body is 
raised or swayed differs much in different people. 

In w^ing, one foot or the other is ^ways on the gromuh ,, 
The act of leaping^ or jumping, consists in so sudden a 
raising of the heels by the sliarp and Strong contractibn of 




6o2 


HOTION. 


the calf-muscles, that the body is jerked off the ground. 
At the same time the effect is much increased by first 
bending the thighs on the pelvis, and the legs on the 
thighs, and then suddenly .straightening out the angles 
thus formed. The share which this action has in pro- 
ducing the effect may be easily known by attempting to 
leap in the ujjriglit posture, with the legs quite sti’aight. 

Bunn in ff is perfofined by a series of rapid low jumps 
with each leg alternately f so that, during each complete 
muscular act concerned, there is a moment when both feet 
are off the ground. 

In all these cases, however, the description of tlie man- 
ner ill which any given effect is produced, can give but a 
very imperfect idea of the infinite number of combined 
and liarmoniously arranged muscular contractions which 
are necessary for even the simplest acts of locomotion. 

Actions of the Involuntary Muscles . — ^The iuvoluntaiy 
muscles are for the most part not attached to bones 
arranged to act as levers, but enter into the formation of 
such hollow parts as require a diminution of their calibre 
by muscular action, under particular circumstances. Ex- 
amples of this action are to be found in the iutostines, 
urinary bladder, hoai’t and blood-vessels, gall-bladder, 
gland-ducts, etc. 

The difference in the manner of contraction of the striated 
and nou-striated fibres has been already referred to (p. 59^) > 
and the peculiar vermicular or peristaltic action of the 
latter fibres in some regions of the body has been described 
at p. 345. 

Source of Mu^cula/ Action. 

It was formerly supposed that each act of contraction 
ca the part of a muScle was accompanied by a correlative 
;waftte or destruction of its owji substance ; and that the 
quantity of the nitrogenous excreta, especially of urea, 
the expression of this waste, was in exact pro- 
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portion to the amount of muscular work performed. It 
has been found, however, both that the theory itself is 
erroneous, and that the supposed facts on which it was 
founded do not exist. 

It is true that in the action of muscles, as of all other 
I)arts, there is a certain destruction of tissue or, in other 
words, a certain * wear and tear,* which may be repre- 
sented by a slight increase in the quantity of urea excreted : 
but it is not the correlative expression' or only source 
of the power manifested. The increase in the amount of 
urea which is excreted after muscular exertion is by no 
means so great as was formerly supposed ; indeed, it is 
very slight. And as there is no reason to believe that the 
waste of muscle-substance can be expressed, with unim- 
portant exceptions, in any other way than by an increased 
excretion of urea, it is evident that we must look else- 
where than in destruction of muscle, for the source of 
muscular action. For, it need scarcely be said, all force 
manifested in the living body must be the correlative 
expression of force previously latent in the food eaten or 
the tissue formed ; and evidences of force expended in the 
body must be found in the excreta. If, therefore, the 
nitrogenous excreta, represented chiefly by urea, are not in 
sutticient quantity to account for the work done, we must 
look to the non-nitroyeiioits excreta as .carbonic acid and 
water, which, presumably, cannot be the expression of 
wasted muscle-substance. 

The quantity of these non-nitrogenous excreta is 
undoubtedly increased by active . muscular eiforts, and 
to a considerable extent; and whatever may be the 
source of the water, the carbonic acid, at least, is the 
result of chemical action in the system, and especially 
of the combustion of non-nitrogenous food, although, 
doubtless, of nitrogenous food also. . We are, therefor^,, 
driven to the conclusion,— that the s^stance of muscles 
is not wasted in proportion lo the work they perform,' and 
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that tho noii-nitrogcnous as well as the nitrogenous foods 
may, in their combustion, afford the requisite conditions 
for muscular action. The urgent necessity for nitrogetiom 
food, especially after exercise, is probably due more to 
the need of nutrition by the exhausted muscles and other 
tissues for which, of course, nitrogen is essential, than tq \ 
such food being superior to non-nitrogenous substances as a ' 
source of muscular iK)wer. 


CHAPTER XVIIL 

OP VOICE AND SPEECH, 

In nearly all air-breathing vertebrate animals there are 
arrangements for the production of sound, or voke^ in some 
part of the respiratory apparatus. In many animals the 
sound admits of being variously modified and altered 
during and after its production ; and, in man, one of the 
results of such modification is speech. 

Mode of Production of the Human Voice. 

It has been proved by observations on living subjects, 
by means of the laryngoscope, as 'Well as by experiments 
on the larynx taken from the dead body, that the sound ' 
of the human voice is the result of the inferigir larynge al 
ligaments, or true vocal cords (A, cv, fig. 172) which bound \ 
the glottis, being tlirown into vibration by currents of I 
expired air impelled over their edges. Thus, if a free open--^ 
ing exists in the trachea, the sound of the voice ceases, but 
returns on the opening being closed. An opening into the 
n^-passages above the glottis,^ on the contrary, does not 
pfevent the voice being formed. Injury of the laryngeal 
nerves supplying the muscles which move^ the vocal cords 
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puts an end to the formation of vocal sounds ; and when 
these nerves are divided , 

on both sides, ike loss 
of voice is complete. 

Moreover, by forcing a 
current of air through 
'^' the larynx in the dead 
subject, clear vocal 
sounds are produced, 
though the epiglottis, 
the upper ligaments of 
the larynx cvr false vocal 
cords, the ventricles be- 
tween them, and the in- 
ferior ligaments or true 
vocal cords, and the up- 
per part of the aryte- 
noid cartilages, be all 
removed; provided the 
true vocal cords remain 
entire, with their points 
of attachment, and, be 
kept tense and so ap- 
proximated that the fis- 
sure of the glottis may 
be narrow. 

Thevocal ligaments 
or cord, therefore, may 
be regarded as the pro- 
per organs of the mere 
voice : the modifications Of the voice are effected by other 



* Fig. 168. Outline showing the general fdtni of the larynx, trachea, 
and bronchi, as seen from before, i. — h, the great conm of the hyoid 
bone ; c, epiglottis ; t, superior, 'and f, inforicy cornu of the thyroid 
cartilage ; c, middle of the crico|J cartilage ; the trachea, showing 
sixteen cartilaginous rings ; &, tfie light, and 6', th^ left bronchus. 
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parts as well as by 
them, llieir struc- 
ture is adapted to 
enable them to vi- 
brate like tense mem- 
branes, for they are 
essentially composed 
of elastic tissue ; and 
they are so attached 
to the cartilaginous 
parts of the larynx 
that their position 
and tension can be 
variously altered by 
the contraction of the 
muscles which act on 
these parts. 

The Larynx* 

The larynx^ or or- 
gan of voice, consists 
essentially of two 
elastic lips called the 
vocal cords, which 
are so attached to 
certain cartilages, 
and so under the 
control of certain 
muscles, that they 


* Fig. 169. Outline sliowing the general form of the larynx, trachea, 
and bronchi as seen from behind. J.— A, great cornu of tlie hyoid bone ; 
t, superior, and i'y the inferior cornu of the thyroid cartilage : e, the 
epiglottis ; a, points to the hack of both the arytenoid cartilages, which 
i|ye surmounted by the comicula ; c, tjie middle ridge on the back of the 
cricoid .cartilage ; I r, the posterior membranous part, of the trachea ; 
.right and left bronchi. 
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oan be made the means not only of closing the lar3^iix 
against the entrance and exit of air to or from the lungs, 
but also can be stretched or relaxed, shortened or length- 
ened, in accordance with the conditions that may be 
necessary for the air in passing over them, to set them 
vibrating and produce various sounds. Their action in 
respiration has been already referred to (p. 200), in con- 
nection with ordinary tranquil respiration, and also (p. 222, 
ft seq.) with other respiratory acts, in which the opening 
or closing of the glottis, or, in other words, the close 
apposition or separation of the vocal cords, is an essential 
part of the performance. In these respiratory acts, how- 
ever, any sound that may be produced, as in coughing, 
is, so to speak, an accident, and not performed with 
purpose. In the present chapter the sound produced by 
the vibration of the vocal cords is the only part of their 
function with which we have to deal. 

It will be 'well, perhaps, to refer to a few points in tlie 
anatomy of the larjmx, before considering its physiology in 
connection with voice and speech. 

The principal parts entering into the formation of the 
larynx (figs. 169 and 1 70) are — (t) the thyroid cartilage ; 
(c) the cricoid cartilage ; (a) the two arytenoid cartilages ; 
and the two true vocal cords (A, cv, fig. 172). The 
epiglottis (fig. 170, e) has but little to do with the voice, 
and is chiefly useful in falling down as' a ' lid ^ over the 
upper part of the larynx, to prevent the entrance of 
food and drink in deglutition. The false vocal cords 
(evs, fig. 172), and the ventricle of the larynx, which is 
a space between the false and the true cord of either side, 
need be here only referred to. 

The thyroid cartilage (fig. 170, I to 4) does not form a 
complete ring around the larynx, bufionly covers the front 
portion. The cricoid cartilage (fig. 1 70, 5, 6), on the other 
hand, is a complete ring ; *the back pliat of the ring being 
much broader than the front. On the top of this broad, por- 
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tion of tlie cricoid are the arytenoid cartilages (fig. 169, a) 
the connection between the cricoid below and arj^tenoid car- 
tilages above being a joint with synovial membrane and liga- 
ments, the latter jiGt^itting tolerably free motion between 

them. But, although the aryte- 
noid cartilages can move on the 
cricoid, they of course accompany 
the latter in all their movements, 
just as the head may nod or 
turn on the top of the spinal 
column, but must accompany it 

in all its movements as a whole. 

( 

The thyroid cartilage is also con- 
nected with the cricoid, not only 
by ligaments, but by two joints 
with synovial membrane (t', figs. 
168 and 169) ; the lower cornva of 
the thyroid clasping, or nipping, 
as it w^ere, the cricoid between 
them, but not so tightly but that 
the thyroid can revolve, within a 
certain range, around an axis j)assing transversely through 
the tM^o joints at which the cricoid is clasped. The vocal ^ 
cords are attached (behind) to the front portion of the base 
of the ar3rtenoid cartilages, and (in front) to the re-enter- 
ing angle at the back part of the thyroid ; it is evident, 
therefore, that all movements of either of these cartilages 
must produce an effect on them of some kind or other. 
Inasmuch, too, as the arytenoid cartilages rest on the top 
of the back portion of the cricoid cartilage (a, fig. 169), 
and are connected with it by capsular and other ligaments, 
all movements of the cricoid cartilage must move the 

^ Fig. 170. Caililages of tlie larynx seen from before. J. — i to 4, 
tjiyroid cartilage ; i, vertical ridge 05 pomum Adami ; 2, right ala; 3, 
superior, anti . f* cornu of the rigjit side ; 5,6, cricoid cartilage ; 

5t' inside of the posterior part ; 6, anterior narrovr part of the ring; 7, 
arytenoid cartilages. 


Fig. 170.* 




THE LAEYXX. 609 

arytenoid cartilages, and also produce an effect on tlie vocal 
cords. 

The so-called intrinsic muscles of the larynx, or those 
which, in their action, have a direct action on the vocal 
cords, are nine in number — four pairs, and a single 
muscle; namely, two crico-thyroid muscles, two thyro- 
arytenoid, two posterior crico-arytenoid , two lateral crico- 
arytenoid, and one arytenoid musclo. Their actions are as 
follows; — When the crico-thyroid muscles (10, fig. I/O* 
contract, they rotate the cricoid on the thyroid cartilage 
in such a manner that the upper and back part of the 
former, and ^of necessity the arytenoid cartilages on tlio 
4 op of it, are tipped backwards, while the thyroid 
\ is inclined forward : and 
I thus, of course, the vocal 
' cords being attached in 
s front to one, and behind 
: to the other, are * put on 
i the stretch.’ 

The thyro-anjtenoid mus- 
cles (7, fig. 174), on the 
other hand, have an 
opposite action, — pulling 
the thyroid backwards, and 
the arytenoid and upper and 
, back part of the cricoid car- 
tilages forwards, and thus 
relaxing tlie vocal cords. 

The crico-arijitenoidei jpos - 
t id muscles (fig. i 7 3 , t) dilate 
the glottis, and separate the vocal cords, the one from 
the other, by an action on the arytenoid cartilage, which 
will be plain on reference to b' and o', ^fig. 172). By their 

* Fig. 171. lateral view of ext?rior of the Isft-ynx, after Mr. 

, 8, Thyroid curtilage ; 9, Cricoid cartilage ; 10, Crico-lhyroid muscle ; 
II, Crico-thyvoid ligament ; 12 , first riiii;^ of trachea. • 
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contraction they tend to pull together the enter angles 
of the arytenoid cartilages in such a fashion as to rotate the 
latter at their joint with the cricoid, and of course to throw 
asunder their anterior angles to which the vocal cords are 
atta(;hed. 

These }}ostcrior 'crico-arytenoid muscles are opposed hy 
the crico-anjtenoidd lateralee, which, pulling in the opposite 
direction from the other side of the axis of rotation, have 
bf course exa(;tly the opposite effect, and close the glottis 
(ifig. 174, 4 aud 5). 

The aperture of the glottis can ho also contracted by 
the arytenoid muscle (s, fig. 1 73, and 6, fig., 174), which, 
iu its contraction, pulls together the upper parts of the 
arytenoid cartflages between which it extends. 

The placing of the vocal cords in a position panillcl 
one with the otlier, is effected by a combined action of the 
various little muscles which act on thorn — tlie thyro-aryte- 
noidei liaiiug, without much reason, the credit of taking 
the largest sluiro in The production of this effect. Fig. 172 
is intended to show the various positions of the vocal cords 
under different circumstances. Thus, in ordinary trancpiil 
breatliing, the opening of tlie glottis is Avido and triangular, 
becoming a IHtl© Avider at each inspiration, and a little 
naiTOAver at each expiration (fig. 1 72, see also p. 200). (')n 
making a rapid and deep inspiration the opening of the 
glottis is widely dilated, as in c, fig. 1 72, and somewhat 
lozenge-shaped. At the moment of the emission of sound, 
it is mQ;re narroAved, the margins of the arytenoid cartilages 
being brought into contact, and the edges of the vocal 
cords approximated and made parallel, at the same time 
that their tension is much increased. The higher the note 
produced, the tenser do the cords become (fig. 172, a); and 
the range of a voice depends, of course, in the main, on the 
extent to which the degree of tension of the vocal cords can 
be thus altered. * In the production of a high note, the 
vocal cords are brought W'cU within si^ht, so os to be 




* Fiji;. 172. Uiree laryiigoscopic views of the superior aj>erture of the 
larynx and surrounding parts and dilferent stales of the glottis during 
life (from C/cnnak). 

A, the glottis during the emission of a high note in singing ; B, in 
easy 'and quiet inhalation df air ; C, in the state of widest possible dila- 
tation, as in inhaling a very dee]) breath. The diagrams A', B', ahd O', 
have been added to Czennak’s figures, to show in horizontal sections of 
the glottis the position of the vocal ligaments and arytenoid cartilages 
in the tlirce several states represented in the other figures. In all the 
figui'es, so far as marked, the letters indicate tlio parts as follows, viz. : 
f, the base of the tongue ; e, the ujjper free part of the epiglottis ; i, th§ 
tubercle or cushion of the epiglottis ; ph, parf ctf the anterior wall of 
the pliarynx iKjhind the larynx ; in the margin of the aryteno-epiglot- 
tidcan fold the swelling of the x»exnl>r.'?ne caused by the cartilages of 

It II 2 
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cartilages look as if they were trying to hide themselves 
under it (fig. lyS). 

The epiglottis, by being somewhat pressed down so as to^ 
cover the superior cavity of the larynx, serves to render the 



notes deeper in tone, and at 
the same time somewhat 
duller, just as covering the 
end of a short tube placed 
in front of caoutchouc 
tongues lowers the tone. 
In no other respect does 
the epiglottis appear to 
have any eftect in modify- 
ing the vocal sounds. 

The degree of approxi-^ 
mation of the vocal cordsj 
also usually corresponds! 
with the height of the^ 
note produced ; but pro-s 
bably not always, for the 
width of the aperture has 
no essential infiuence on 
the height of the note, as 
long as the vocal cords 


'iVrisberg; 5 , that of tho cartiijigcs of Santorini ; rt, the tip or summit 
of thfc arytcnoiil cartilages ; c 'O, tho true vocal cords or lips of the rima 
glottidis ; c v 8, the superior or false vocal cords ; between them tlie 
ventricle of the lar^’ux ; in C, tr is placed on the anterior wall of the 
receding trachea, and b indicates the commencement of the two bronchi 
beyond the bifurcation which may be brought into view in this state of 
extreme dilatation (from Quain's Anatomy). 

* Fig. 173 . View of the larynx and part of the trachea from behind, 
with the muscles dissected ; h, the body of the hyoid bone ; e, epiglottis ; 
<, the posterior borders of the tliyroid cartilage ; c, the median ridge, of 
the cricoid ; a, upper ' j)art of the ^rytenoid ; 8, placed on ono of the 
oblique fasciculi oJ'thff arytenoid muscle ; &, left posterior, crico-arytonoid 
ttm^cle ; ends of the incomplete cartilaginous ritigs of the trachea ; 
2 , fibrous inembiunB crossing the btaek of the trachea; », muscular 
res exposed in a part (ironi Quaiii's Anatomy). ^ 
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have the same tension ; only^ with a wide aperture, the 
tone is more difficult to produce, and is less perfect, the 
rushing of the air through 
the aperture being heard at 
the same time. 

y No true vocal sound is pro- 
id need at ' the posterior part 
jof the aperture of the glottis, 
jthat, viz., which is formed by 
Ulie space between the ary- 
tenoid cartilages. For, as 
Muller’s experiments showed, 
if the arytenoid cartilages 
])e approximated in such a 
manner that their anterior processes touch each other, but 
yet leave an opening behind them as well as in front, no 
second vocal tone is pro- 
duced by the passage of 
the air through the pos- 
terior opening, but merely 
a rustling or bubbling 
sound ; and the height or 
]>itch of the note i)Poduced 
is the same whether the posterior i)art of tlie glottis be 
open or not, provided the vocal cords maintain the same 
degree of tension. 

* Fig. 174. View of the interior of larynx from above, i, apcrtui’e 
of glottis ; 2, aiytcnoid cartilages ; 3, vocal cords ; 4, jmsterior crico- 
arytenoid muscles ; 5, lateral crico-atytenoid miisclo of right side, that 
t)f left side removed ; 6, arytenoid muscle ; 7, tlijTo-arytenoid muscle 
of loft side, that of right side removed; 8, thyroid cartilage; 9 , cricoid 
cartilage ; 13, posterior crico-arytonoid ligament. With the exception 
of the arytenoid muscle, this diagram is a co^y from Mr. Willis’s ^re. 

+ Fig. 1 7S . View of the upper part of the larynx as seen by means of 
the laryngoscope during the uttSrance of a gra>^ note, c, epiglottis? s, 
tnhcrcles of the cartilages of Santorini ; a, arytenoid cartilages ; base 
of the tongue ; ph, the posterior wall of the pharyiy:. • 


Fig. I75.t 
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Ajtplicatlon of the Voice in Singing and Speaking. 

The notes of the voice thus produced may observe three 
different kinds of sequence. The first is the monotonous, 
in which the notes have nearly all the same pitch, as in 
ordinary speaking; the variety of the sounds of speech 
being due to articulation in the mouth. In speaking, how- 
ever, occasional syllables generally receive a higher intona- ^ 
tion for the sake of accenj. The second mode of sequence 
is' the successive transition from high to low notes, and vice 
versdy without intervals ; such as is heard in the sounds, 
which, as expressions of passion, accompany crying in men, 
and in the howling and whining of dogs. The third mode 
! of sequence of the vocal sounds is the musical, in wliich eacli 
sound has a determinate number of vibrations, and the 
numbers of the vibrations in tlie successive sounds have 
the same relative proportions that characterise the notes of 
the musical scale. 

The compass of the moice in different individuals, compre- 
hends one, two, or three octaves. In singers — that is, in 
persons apt for singing — it extends to two or three octaves. 
But the male and female voices commence and end at dif- 
ferent points of the musical scale. The lowest note of the 
female voice is about an octave higher than the lowest of 
the male voice ; the highest note of the female voice about 
an octave higher than the highest of the male. The com- 
pass of the male and female voices taken together, or 
the entire scale of the human voice, includes about four; 
octaves. The principal difference between the male and ' 
female voice is, therefore, in their pitch; but they are 
also distinguished by, their tone,-r-the male voice is not so 
soft. 

The voice presents other varieties besides that of male 
and female ; there are two kinds of male voice, teelinically 
/^cdlled the ^s an d dtoor, and fwo kinds of female voice, 
the cei^tralto and ^prano, aU differing fre^ each other in 
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tone. The bass voice usually, reaches lower than the tenor /f, 
and its strength lies in the low notes ; while the tenor voice , 
extends higher than tlio bass. The contralto voice has J 
generally lower notes than the soprano, and is strongest 
in the lower notes of tlie female voice ; while the soprano 
voice reaches higher in the scale. But the difference of 
coni])ass, and of power in different parts of the scale, is 
not the essential distinction between the different voices ; 
for bass singers can sometimes go Very higli, and ther con- 
tralto frequently sings the high notes like soprano singers. 
The essential difference between the bass and tenqr voices, 
and betweeii the contralto and soprano, consists in their 
tone or ** timbre, ” which distinguishes them even when 
they are singing tho same note. The qualities of the 
barytone and mezzo-soprano voices dre less marked ; the 
baryto ne Jbeing intormedlate be tween tho bass and tenor, 
t^e mezzo-soprano between tho contralto and 8c>prano. They 
/ have also a middle position as to pitch in the scale of the 
male and female voices. 

The different pitch of the male and the female voice 
depends on the different length of the vocal cords in tlie 
two sexes ; their relative length in men and women being 
as three to two. The difference of the two voices in tone 
or “ timbre,’^ is owing to the different nature and form of 
tlie resounding walls, which in the male larynx are much 
more extensive, and form a more acute angle anteriorly. 
The different qualities of the tenor and bass, and of the 
^dto and soprano voices, probably depend on some pecu- 
, liarities of the ligaments, and t|ie. membranous and car- 
tilaginous parietes of the laryngeal cavity, which are 
not at present understood,’ but of which we may form some 
idea, by recollecting that musical instruments made of dif . 
ferent materials, e.g,, metallic and gut-strings, may be tuned 
to the same note, but that qach will give it with a pemiligr 
tone or “ timb^/* . 

The larynx of boys resembles th,% female. larynx; *their . 
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vocal cords before puberty have not two-thirds the length 
which they acquire at that period; and the angle of their 
thyroid cartilage is as little prominent as in the female 
larynx. Boys^ voices are alto and soprano, resembling in 
pitch those of women, but louder, and differing somewhat 
from them in tone. But, after the larynx has undergone 
the change produced during the period of development at 
puberty, tlie boy’s "voice becomes bass or tenor. While 
the change of form is taking place, the voice is said to 
‘'crack;” it becomes imperfect, frequently hoarse and 
crowing, .and is unfitted for singing until the new tones 
are brought under command by practice. 5n eunuclis, 
who liave been deprived of the testes before puberty, the 
voice does not undergo this change. The voice of most 
old people is deficient in tone, unsteady, and more re- 
stricted in extent z the first defect is owing to the ossifi- 
cation of the cartilages of the larynx and the altered 
condition oi the vocal cord ; the want of steadiness arises 
from the loss of nervous power and command over the 
muscles ; the result of which is hero, as in other imrts, a 
tremulous motion. These two (causes combined render the 
voices of old i)eople void of tone, unsteady, bleating, and 
weak. 

In any class of persons arranged, as in an orchestra, 
according to the characters of voices, each would possess, 
witli the general characteristics of a bass, or tenor, or any 
other kind of voice, some peculiar character by which his 
voice would be recognized fro'm all the rest. The con- 
ditions tliat determine these distinctions are, however, 
quite unknown. They are probably inherent in the 
tissues of the larynx, and are "as indiscernible as the 
minute differences that cha5*acteriz0 men’s features; one 
ofcen observes, in like manner, hereditary and family 
peculiarities of voice^as well marked as those of the limbs 
or face. 

Most persons, ^particularly men, have the poorer, if at all 
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capable of singing, of modulating their voices through a 
double series of notes of different cliaracter ; namely, tlie 
notes of the natural voice, or chest-notes, and tlie ^falsetto 
notes. The natural voice, which alone has been hitherto 
considered, is fuller, and excites a distinct sensation of much 
stronger vibration and resonance than the falsetto vouie, 
which has more a liute-like character. The deeper notes 
of the male voice can be produced only with the natural 
voice, the highest with the falsetto only ; tlie notes of middle 
pitch can be produced either with the natural or falsetto 
voice ; the two registers of the voice are tlievefore not 
limited in such a manner as that one ends when the other 
begins, but they run in part side by side. 

'J'he natural, or chest-notes, are produced by the ordinary 
vibrations of the vocal cords. The ihode of produ(!tion of 
the falsetto notes is still obscure. By Muller they are 
thought to be due to vibrations of only the inner borders 
of tlie vocal cords. In the opinion of Petrequin and' 
Diday, they do not result from vibrations of the vocal cords 
at all, but from vibrations of the air passing through the 
a2)erture of the glottis, which they believe assumes, at ‘ 
such times, the contour of tlie embouchure of a flute. Others 
(considering some degree of similarity wliich exists between 
the falsetto notes, and the peculiar tones called harmonic, 
which are produced when, by touching or stopping a harp- 
string at a particular point, only a ^lortion of its length is 
allowed to vibrate) have supposed that, in the falsetto notes, 
portions of the vocal ligaments are thus isolated, and 
made to vibrate while the rest are held still. The question! 
cannot yet be settled ; but any one in the habit of singing 
may assure himself, both by the difficulty of passing 
smoothly from one set of notes to the other, and by the 
necessity of exercising himself in Ifoth registers, lest he 
should become very deficient in one, that there must 
some great difference in the modes in wLich their respective 
notes are produced. 


V* 
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The strength of the voice depends partty on the degree 
to which the vocal cords can be made to vibrate; and^ 
partly on the fitness for resonance of the membranes 
and cartilages of the larynx, of the parietes of the thorax, 
lungs, and cavities of the mouth, nostrils, and communi- 
cating sinuses. It is diminished by anything which 
interferes with such capability of vibration. The intensity 
or loudness of a given note with maintenance of the same 
“pitch,” cannot be rendeted greater by merely increasing 
the force of the current of air through the glottis; for 
increase of the force of the current of air, caiteris pctribus, 
raises the pitch both of the natural and the falsetto notes. 
Yet, since a singer possesses the" power of increasing the 
loudness of a note from the faintest “piano” to “fortis- 
simo ” without its pitch being altered, there must be some 
means of compensating the tendency of the vocal cords 
to emit a higher note when the force of the current of air 
is increased. This means evidently consists in modifying 
tlie tension of the vocal cords. When a note is rendered 
louder and more intense, the vocal cords must be relaxed 
by remission of the muscular action, in proportion as the 
force of the current of the breath through tho glottis is 
increased. Wh(m a note is rendered fainter, tho reverse of 
this must occur. 

The arches of the palate and the uvula become contracted 
during the formation of the higher notes ; but their con- 
traction is the same for a note of given height, whether it 
be falsetto or not; and ill either case the arches of the 
palate may be touched with the finger, without the note 
being altered. Their action, thOTefore, in the production 
of the higher notes seems to be merely the result of involun- 
tary associate nervous action, excited by the voluntarily 
increased exertion of the muscles of the larynx. If the pala- 
tine arches contribute at, all to tjie production of tlie higher 
notes of the naturaf voice and the falsetto, it can only be by 
their ^increased tension strengthening the resonance. 
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The office of the ventricles of the larynx is evidently to 1 
aftprd a free space for the vibrations of the lips of ' 
the glottis; they may be compared with the cavity at 
the commencement of the month-piece of trumpets, which 
allows the free vibration of the lips. 

SPEECH. 

Besides the musical tones formed in *the larjmx, a great 
number of other sounds can be produced in the vftcal tubes, 
between tlie glottis and the external apertures of the air- 
passages, the combination of which sounds into different 
groups to designate objects, properties, actions, etc., con- 
stitutes lariyuaye. The languages do not employ all the 
sounds which can be produced in this manner, the com- 
bination of some with others being often difficult. Those 
sounds which are easy of combination enter, for the most 
part, into the formation of the greater number of lan- 
guages. Each language contains a certain, number of 
such sounds, but in no one are all brought together. On 
the contrary, different languages are characterised by the 
prevalence in them of certain classes of these sounds, while 
others are less frequent or altogether absent.' 

The sounds produced in speech, or articulate sounds, are 
commonly divided into vowels and consonants ; tlie distinc- 
tion between which is, that the sounds for the former are 
generated by the larynx, while those for the latter are pro- 
duced by interruption of the current of air in some i)art of 
the air-passages above the larynx. The term consonant 
lias been given to these because several of them are not 
properly sounded, except consonantly with a vowel. Thus, 
if it be attempted to pronounce aloud the consonants 
h, d, and g, or their modifications, p, t, k, the intonation 
only follows them in their combination with a vo\vel, 

T6 recognize the essential properties of the articulate 
sounds, we must, according to Muller/ first examine them 
as they are produced in whfeperiug, and then investigate 
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'which of them can also he uttered in a modified character 
conjoined -with local tone. By this procedure vre find two 
series of sounds : in one the sounds are mute, and cannot 
he uttered 'with a vocal tone ; the sounds of the other series 
can be formed independently of voice, but are also capable 
of ])eing uttered in conjunction with it. 

All the vowels can be expressed in a wliisper without 
vocal tono, that is, mutely. These mute j vowel-sounds 
differ, however, in some^ measure, as to their mode of 
production, from the consonants. All the mute consonants 
are formed in the vocal-tube above the glottis, or in the 
cavity of the mouth or nose, by the mere mailing of the 
air between the surfaces differently modified in disposition. 
But tlie sound of the vowels, even when mute, has its 
source in the glottis,* though its vocal cords are not thrown 
into the vibrations necessary for the production of voice ; 
and the sound seems to be produced by the passage of the 
current of air between the relaxed vocal cords. The same 
vowel sound can be produced in the larynx wlien the 
moiitli is closed, the nostrils being open, and tlie utterance 
of all vocal tone avoided. This sound, when the mouth is 
ojien, is so modified by varied forms of the oral cavity, as 
to assume the characters of the vowels a, i, o, m, in all 
their modifications. 

lue cavity of the mouth assumes the same form for the. 
articjulation of each of the mute vowels as for the cor- - 
responding vowel when vocalized; the only difference in 
the two cases lies in the kind of sound emitted by 
the larynx. Krantzenstein and Kempelen have pointed 
out that the conditions necessary for changing one and the 
same sound into the different Vowels, are differences in 
the size of two parts — ^th^oral caj^ ^d the oral ope^jg ; (j 
and the same is the fcase witf regard to the^mute vowels. 
By oral canal, Kemj)elen me^s here the space between 
tongue and palate : for the pronunciation of certain 
yowels both the opening of the niQuth and the space 
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mentioned are widened ; for tlie pronunciation of otlier 
vowels both are contracted; and for others one is wide, 
the other contracted. Admitting five degrees of size, both 
of the opening of the mouth and of the space between tlio 
tongue and palate, Kempelen thus states the dimensions 
of these parts for the following vowel sounds : — 


Vowel. 

Sound. 

Size of oral opening. • 

Size of oral canal. 

a as ill 

“ far 

5 

3 

a „ 

“ name ” 

4 

2 

^ n 

“theme” 

3 

t 

0 M 


2 

: *4 

00 „ 

<‘cool” 

I 

• . • 5 


Aiiother important distinction in articulate sounds is, 
that the uttej(ince of some is only of fnomentary duration, / 
taking place during a sadden change in the conformation 
of tlxe mouth, and being incax>abl© of prolongation Ly a 
continued expiration. To this class belong &, p, and the 
hard g. In the utteranco of other consonants the sounds 
may be continuom; they may be j)rolonged, ad libitum, as 
long as a particular disposition of the mouth and a constant 
expiration are maintained. Among tliose consonants are 
s, r, I, Corresx)ondiug differences in resx)ect to 
the time that may be occupied in their utteranco exist in 
the vowel-souuds, and principally constitute the differences 
of long and short syllables. Thus, the a as iu “ far and 
fate,” the o as in “ go ” and “ fort,” may be indefiuitely 
prolonged ; but the same vowels (or more properly different 
vowels expressed by the same letters), as in ‘‘can” and 
“fact,” in “dog” and “ rotten,” cannot be prolonged- 
All sounds of the first or explosive kind are insusceptible 
of combination with vocal tone (“intonation”), and are 
absolutely mute ; nearly all the consonants of the second 
or continuous kind may be attended ’v^ith “ intonation.” , 
The peculiarity of speaking, to which the term ven- 
trihquum is applied, appears to consist^ merely id the 
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varied modification of the ‘^sounds produced in the larynx, 
in imitation of the modifications which voice ordinarily 
suffers from distance, etc. From the observations of Miil- 
ler and Colombat, it seems that the essential mechanical 
parts of the process of ventriloquism consist in taking a 
full inspiration, then keeping the mqscles of the chest and 
neck fixed, and sj)eaking with the mouth almost closed, 
and the lips and lower jaw as motionless as possible, while 
air is very slowly ex2)ired^ through a very narrow glottis ; 
care being taken also, that none of the expired air passes 
through the nose. But, as obseiwed by Miillor, much of 
the ventriloquist’s skill in imitating the voic^es ooming from 
particular directions, consists in deceiving other senses than 
hearing. We never distinguish very readil}^ the direction 
in whi(*h sounds reach our ear ; and, when our attention 
is directed to a i)articular point, our imagination is very 
apt to refer to that point whatever sounds we may hear. 

The tongue, w hich is usually credited with the powder of 
speech , — language aid speech being often employed as 
synonymous terms — plays only a subordinate, although 
Yen'- important prirt. This is well shown by cases in which 
nearly the wdiole organ has been removed on account of 
disease. Patients wdio recover from thjis operation talk im- 
perfectly, and their voice is considerably modified ; but the 
loss oi speech is confined to those letters, in the pronuncia- 
tion of Avhich tho tongue is concerned. . .. 


CHAPTER XIX. 

.. THE SENSES. 

, Senra^tion consists in the mind receiving, through the 
minium of tlie netvbus system, and, usually as the result 
tl|,e action of an external cause, a knowledge of certain 
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qualities or conditions, not. of external bodies but of the 
nerves of sense themselves ; and these qualities of the 
nerves of sense are in all different, the nerve of each sense 
having its own peculiar quality. 

* There are two principal kinds of sensation, named 
common and special. The first is the consequence of the 
ordinary sensibility or feeling possessed by most parts of 
the body, and is manifested when a part is touched, or in 
any ordinary manner is stimulated. According to the 
stimulus, the mind perceives a sensation of heat, or cold, 
of pain, of the contact of hard, soft, smooth, or rough 
objects, etc,^ From this, also, in morbid states, the mind 
perceives itching, tingling, burning, aching and the like 
sensations. In its greatest perfection, common sensibility 
constitutes touch or tact. Touch is, indeed, usually classed 
wjth the special senses, and will be considered in the same 
group with tliem ; yet it differs from them in being a pro- 
pert}' (jommon to many nerves, all the sensitive spinal 
nerves, the pueumogastric, glosso-pfiaryngeal, and fifth 
cerebral nerves, and iu its. impressions being communicable 
through many organs. 

Including the sense of touch, the special senses are five 
in number, — the senses , of sight, hearing, smell, taste, 
and touch. The manifestation of each of the first three 
depends on the existence of a special nerve ; the o ptic fo r 
the sense of sight, the auditory for that of hcariim, an^ 
the gj[factorj^ for that of smeU. The sense of taste appears 
to be a property common to branches of the fifth and of the 
glosso-pharyngeal nerves. 

The senses, by virtue of the peculiar properties of their 
several nerves, make us acquainted with the states of our 
own body ; and thus indirectly inform us of such qualities 
and changes of external matter as cati give rise to changes 
in the condition of the nerves. That which through the 
medium of our senses is anally perceiHd by the mind is. 
indeed^ merely a property or chonge of. condition -oi our 
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nerves; but tbe mind is accustomed to interpret these 
modiEcations in the state of the nerves produced by external 
influences as properties of the external bodies themselves. 
This mode of regarding sensations is so habitual in the case 
of the senses which are more rarely affected by internal 
causes, that it is only on reflection that we perceive it to be 
erroneous. In the case of the sense of feeling, on the con- 
trary, where many pf the peculiar sensations of the nerves 
perceived by the sensorium are excited as frequently by 
internal as by external causes, we more readily apprehend 
the truth. For it is easily conceived that the feeling of 
X^ain or p'leasure, for example, is due to a condition of the 
nerves, and is nbt a property of the things which excite it. 
What is true of these is true of all other sensations ; the 
mind perceives conditions of the optic, olfactory, and other 
nerves specifically different from that of their state of rest ; 
these conditions may be excited by the contact of external 
objects, but they may also be the consequence of internal 
changes * in the former case the mind, having knowledge 
of the object through either instinct or instruction, re- 
cognizes it by the appropriate changes which it x)roduces 
in the state of the nerves. 

The special susceptibility of the different nerves of sense 
for certain influences, — as of the optic nerve, or rather its 
centre, for light; of the auditory nerve, or centre, for 
vibrations of the air, etc., and so on, — is not due entirely 
to those nerves having each a specific irritability for such 
influences exclusively. For although, in the ordinary 
events of life, the optic nerve is excited only by the undu- 
lations or emanations of which light may consist, the audi- 
tory only by vibrations of the. airi and the olfactoiy only by 
odorous particles — yet each of these nerves may have its 
peculiar properties ealled forth by other condition* In 
iact, in whatever way and to whatever degree a nerve of 
s|iecial sense is athnulated, the sensation produced is 
j^ssex^tially of the same kind ; irritation of the optic nerve 
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invariably producing a sensation of light, of the auditory 
nerve a sensation of some . modification of sound'. The 
phenomenon must, therefore, be ascribed to a peculiar 
quality belonging to each nerve of special sense. It has 
been supposed, indeed, that irritation of a nerve of special 
sense, when excessive, may produce pain ; but experiments 
seem to have proved that none of these nerves possess the 
faculty of common sensibiHty. Thus Magendie observed 
that when the olfactory nerves laid bare in a dog were 
pricked, no signs of pain were manifested ; and other ex- 
periments of his seemed to show that both the retina and 
optic nerve are insusceptible of pain. 

External impressions on a nerve can give* rise to no kind 
of sensation which cannot also be produced by internal 
causes, exciting changes in the condition of the same nerve. 
In the case of the sense of touch, this is at once evident. 
The sensations of the nerves of touch (or common sensi- 
bility), excited by causes acting from without, are those of 
cold and heat, pain and pleasure, and iimumerable modifi- 
cations of these, which have the same kind of sensation as 
their element. All these sensations are constantly being 
produced by internal causes, in all parts' of our body en- 
dowed with sensitive nerves. The sensations of the nerves 
of touch are therefore states or qualities proper to them- 
selves, and merely rendered manifest by exciting causes, 
whether external or internal. The sensation of smell, also, 
may be perceived independently of the appHcation of any 
odorous substance from without, through the influence 
of some internal condition of the nerve of smell. The 
sensations of the sense of vision, namely, colour, light, and 
darkness, are also often perceived independently of all 
external exciting causes. So, also, whenever the auditoi^ 
nerve is in a state of excitement, the sensations peculiar to 
it, as the sounds of ringing, humming, etc., are perceived. 

The same cause, whether fiiternal orlsxternal, excites id 
the different senses diff^Slat sensatiemsi in each sense.the 
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sensations peculiar to it. For instance, one uniform internal 
cause, whicli may act on all the nerves of the senses in tho 
same manner, is tlie accumulation of hlood iti their capil- ! 
laiy vessels, as in congestion and inflammation. . This ^ 
one cause excites in tho retina, while the eyes are closed, 
the sensations of light and luminous flashes ; in the audi- 
tory nerve, the sensation of humming and ringing sounds ; 
in tho olfactory nerve, the sense of odours ; and in the 
. nerves of feeling, the (Sensation of pain. In the same way, 
also, a narcotic substance introduced into the blood, excites 
in tho nerves of each sense i)eculiar symptoms; in the 
optic nerves, the appearance of luminous sparks before 
the eyes ; in the auditory nerves, tinnitus aurium ” ; and 
in the common sensitive nerves, the sensation of creeping 
over the surface. * So, also, among external causes, the 
stimulus of electricity, or the mechanical influence of a 
blow, concussion, or pressure, excites in the eye the sensa- 
tion of light and colours ; in the ear, a sense of a loud 
sound or of ringing"; in the tongue, a saline or acid taste ; 
and at the other parts of the body, a perception of peculiar 
jarring or of the mechanical impression, or a shock like it. 
Although, in the cases just referred to, and in all ordi- 
nary conditions, sensations axe derived from peculiar con- 
ditions of the nerves of sense, whether excited by external 
or by internal causes, yet the mind may Jiave the same 
sensations independently of changes in the. conditions of at 
least the peripheral portions of the several nerves, and 
e^'en independently of any connection with the external 
organs of the senses. The causes of such sensations are ^ 
seated in the parts of the brain in which the sevef^ nerves 
of sense terminate. Thus pressure on the brain has been , 
observed, to causp the sensation of light : luminous spectra 
may he excited by Internal causes after complete amaurosis 
of the lietiua: and Humboldt states, that^ in who 

had lost one eyd,*he produced by means of galimnism, 

. apj^earances on the blind side. Many of the 
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various morbid sensations- attending diseases of the brain, 
the vision of spectra, and the like, are of the same kind. 

Again, although the immediate objects of the perception 
of our senses are merely particular states induced in the 
nerves, and felt ad sensations, yet, inasmuch. as the nerves 
of the senses are material bodies, and therefore participate 
in the properties of matter generally, occupying space, 
being susceptible of vibratory motion, and capable of being 
variously changed chemically, as well as by the action of 
heat and electricity, they make known to the mind, by 
virtue of the different changes thus produced in -them by 
external (causes, not merely their own condition, but also 
some of the different properties and changes of condition 
of external bodies ; as, e, g., progressive and tremulous 
motion, chemical change, etc. The in&rmation concerning 
external nature thus obtained by the senses, varies in each 
sense, having a relation to the peculiar qualities or energies 
of the nerve. , 

The sensation of motion is, like motion itself, of two kinds, ' 
—progressive and vibratory. The faculty of the percep- 
tion of progressive motion is possessed chiefly by the 
senses of vidion, touch, and taste. Thus an impression is 
perceived travelling from one part of the retina to another, 
and the movement of the image is interpreted by the 
mind as the motion of the object. The same is the case 
in the sense qt touch ; so also the movement of a sensation 
of taste over the^ surface of the organ of taste, can 
recognized. The motion of tremors, or vibrations, is 
perceivejp, by several senses, but especially by those of 
hearing hnd touch. For the sense of hearing, vibrations 
constitute the ordinary stimulus, and so give rise to the 
perception of sound. By the sense nf touch, vibrations 
are pea^odyed as tremors, occasionally attended with the 
general impression of ticU^g; for. instance; when a 
vibrating body, such as j^tmung finrk, is approxim^d to 
a very' sensible part of the emfaoe, the eye^pm 
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cate to the mind the image of a vibrating body^ and can 
distinguish the vibrations when they are very slow; it may 
be also that the vibrations are communicated to the optic 
as to the auditory nerve in such a manner that it repeats 
them, or receives their impulses. 

We are made acquainted with chemical actions principally 
by taste, smell, and touch, and by each of these senses in 
the mode proper co it. Volatile bodies disturbing the 
conditions of the nerves by a chemical action, exert the 
greatest influence upon the organ of smell; and many 
matters net on that sense which produce no impression 
upon the organs of taste and touch, — ^for example, many 
odorous substances, as the vapour of metals, such as lead, 
and the vapour of many minerals. Some volatile sub- 
stances, however, are perceived not only by the sense of 
smell, but also by the senses of touch and taste, provided 
they are of a nature adapted to disturb chemically the 
condition of those organs, and in case of the organ of 
taste, to be dissolved by the fluids covering it. Thus, the 
vapours of horse-radish and mustard, and acrid suffo- 
cating gases, act upon the conjunctiva and the mucous 
membrane of the lungs, exciting through the common 
sensitive nerves, merely modifications of common feeling ; 
and at the same time they excite the sensations of smell 
find of taste. 

Sensations are referred from their proper seat towards 
( the* exterior ; but this is owing, not ib anything in the 
nature of the nerves themselves, but to the accompanying 
idea derived from experience, ^or in the pi^roeption of sen- 
sations, there is a combined action both of the mind and of 
the nerves of sense ; and the mind by education or experi- 
ence, has learned to refer the impressions it receives to 
objects external to tfee body. Even when it derivpi^ impres- 
sions from interh^.causes, it commonly refers them to ex- 
ternal objects. The light perceived in congni^tion of the 
nfttma seems e^nxal to the body : the ringing of the ears 
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in disease is felt as if the sound came from some distance : 
the mind referring it to the outer world from which it is in 
the habit of receiving the like impression. 

Moreover, the mind not only perceives the sensations, 
and interprets them according to ideas previously obtained, 
but it has a direct influence upon them, imparting to them 
intensity by its faculty of attention. Without simultaneous 
attention, all sensations are only obscurely, if at all, per- 
ceived. If the mind be torpid in indolenco, or if the 
attention be withdrawn from the nerves of sense in in- 
tellectual contemplation, deep speculations,, or an intense 
passion, tl^e sensations of the nerves make no impres- 
sion upon the mind; they are not perceived, — that is to 
say, they are not communicated to the conscious “ self,” or 
with so little intensity, that the mind is unable to retain the 
impression, or only recollects It some time after, when it is 
freed from the preponderating influence of the idea which 
had occupied it. 

This power of attention to the sensations derived from a 
single organ,, may also be exercised in a single portion of 
a sentient organ, and thus enable one to discern the detail 
of what would otherwise be a single sensation. For 
example, by well-directed attention, one can distinguish 
each of the many , tones simultaneously emitted by an 
orchestra, and can even follow the we^er tones of one in- 
strument apart from the other sounds, of which the impres- 
sions being not attended to are less vividly perceived. So, 
also, if one endeavours to direct attention to the 'irhole field 
of vision at the same time, nothing is seen distinctly ; but 
wheil the attehtion is directed first to this, then to that part, 
and analyses the detail of.the sensation, the part to which 
the mind is directed is perceived with more distinctnero than 
the rest of the same i^nsation. 
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THE SENSE OP SMELL. 

The sense of smell ordinarily requires, for its excitement 
to a state of activity, tlie action of external matters, which 
action produces certain changes in the olfactory nerve; and 
^Ihis nerve is susceptible of an infinite variety of states de- 
pendent on the nature of the external stimulus. 

The first condition essential to the sense of smell is the 
existence of a special^nerve, the changes in whose condition 
are perceived as sensations of odour ; for no other nerve is 
capable of these sensations, even though acted on by tho 
same causes. The same substance which excites ,the sen- 
sation of smell in the -olfactory nerves may cause another 
peculiar sensation through the nerves of taste, and may 'pro- 
duce an irritating and burning sensation on the nerves of 
touch ; but the sensation of odour is yet separate and distinct 
from these, though it may be simultaneously perceived. 
The second condition of smell is a peculiar s^te of the olfac- 
tory nerve, or a peculiar change produced iu it by the 
stimulus or odorous substance. 

The material causes of odours are, usually, in the case of 
animals living in the air, either solids suspended in a state 
of extrepiely fine division in the atmosphere ; or gaseous 
exhalations often of so subtile a nature that they can be 
detected by no other re-agent than the sense of smell itself. 
The matters of odour must, in all cases, be dissolved in the 
mucus of the mucQus membrane before they can be imme- 
diately applied to, or aftect the olfactory nerves ; therefore 
a further condition necessary for the perception of odours is, 

' that the mucous membrane of the nasal cCivity be moist. 
Whea tbe Schneiderian membrane is dry, the sense of smell 
is jaiigi^ed or lost ; in the first stage of catarrh, when, 
t^/^cretion of muq,us within the nostrils is lessened, the 
feisty of perceiving odour is either lost, or rendered very 

In animalfl living in ilie air, it is also requisite that the 
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odorous matter should he transmitted in a current through 
the nostrils. This is effected by an inspiratory movement, 
the mouth being closed ; hence we have voluntary influence 
over the sense of smell ; for by interrupting respiration 
we prevent the perception of odours, and by rej^eated quick 
inspiration, assisted, as in the act of sniffing , by the action 
of the nostrils, we render the impression more intense (see 
p. 224). 

The hum^ organ of smell is essentially formed by the 
filaments of the olfactory nerves, distributed in minute 


Filf. 176.* 



arrangement, in the mucous membrane covering the upper 
third of the septum of the nose, Uie superior turbinated or 
spongy bone, the upper part of the middle txirbinated bone 
and the upper wall of the nasal cavities beneath the cribri- 
form plates of the ethmoid bones (figs. 176 and 177). 

This olfactory region is covered by cells of cylindrical epi- 

* Fig. 176. Nerves of the septum nasi, seen from the right side (from 
Sappey after Hirschfeld and L©veill6). I, the olfactory bulb ; 
1, the olfactoiy nerves passing through the foramina of the crlbn£ona 
plate, and desdendiiig to be distributed on the ^septum ; 2, the interna 
or septal twig of the nasal branch of the ophthalmic nerve ; 3, naso- 
palatine nerves. ' , • 
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tLelium not provided with cilia; and interspersed with these 
are peculiar fusiform cells with fine processes, called olfactory 
tjells. They are supposed to have some connection with the 

terminal filaments of 
the olfactory nerve. The 
lower, or respiratory 
I>art, as it is called, of 
the nasal fossro is lined 
by cylindrical ciliated 
epithelium, except in 
the region of the nos- 
trils, where it is sqaa- 
mons. 

In all the distribu- 
tion, the branches of 
the olfactory nerves re^ 
tain much of the same 
soft and greyish tex-, 
ture which distinguishes^ 
their trunks (as the olfactory lobes of the brain are called) 
within the cranium. Iheir individual filaments, also, are 
peculiar, more resembling those of the sympathetic nerve 
than the filaments of the other cerebral nerves do, con- 
taining no outer white substance, and being finely granular 
and nucleated. The branches are distributed principally 
in close plexuses ; but the mode of termination of the fila- 
ments is not yet satisfactorily determined. 



* Fig. 177. Nerves of the outer walls of the nasal fosste (from Sappey 
after Hirschfeld and Leveillfi). i, network of the branches of the 
olfactory nerve, descending upon the re^on of the superior and middle 
turbinated bones ; 2, external twig of the ethmoidal branch of the 
nasal nerve; 3, spheno*palfttiue ganglion; 4, ramification of the anterior 
paXal^ne nerves ; 5, posterior, and 6, middle divisions of the palafine 
nerves; 7, branch to tjic' region of the inferior turbinated bone ; 8, 
j\^iich to the region of the superior and middle turbinated bones ; 9^ 
Wo-pulatino branch to the septum cut short (after Sharpey/. 
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The sense of smell is derived exclusively through those 
parts of the nasal cavities in which the olfactory nerves 
are distributed; the accessory cavities or sinuses com- 
municating with the nostrils seem to have no relation to it. 
Air impregnated with the vapour of camphor was injected 
by Deschamps into the frontal sinus through a fistulous 
opening, and Hicherand injected odorous substances into 
the antrum of Highmore; but in neither case was any 
odour perceived by the patient. The purposes of these 
sinuses appear to be, that the bones, necessarily large for 
the action of the muscles and other parts* connected with 
them, may*be as light as possible, and that there may be 
more room for the resonance of the air in vocalising. The 
former purpose, which is in other bones obtained by filling 
their cavities with fat, is here attained, as it is in many 
bones of birds, by their being filled with air. 

All parts of the nasal cavities, whether or not they can 
be the seats of the sense of smell, aro endowed with com- 
mon sensibilj!^ by the nasal brandies of the first and 
second divisions of the fifth nerve. Hence the sensations 
of cold, heat, itching, tickling, and pain.; and the sensa- 
tion of tension or pressure in the nostrils. That these 
nerves cannot perform the function of the olfactory nerves 
is proved by eases in which the sense of smell is lost, while 
the mucous membrane of the nose remains susceptible of 
the various modifications of common sensation or touch. 
But it is often difficult to distinguish the sensation of smell 
from that of mere feeling, and to ascertain what belongs 
to each separately. This is the case particularly with the 
sensations excited in the nose by acrid vapours, as of am- 
monia, horse-radish, mustard, eto., which resemble much 
the sensations of the nerves of touch ; and the difficulty is 
the greater, when it is remembered tfiat these acrid vapours 
have nearly the same actiop upon tl^e mucous membrajie 
of the eyelids. It was .because the common sensibility of 
the nose to these irritating aubstan<^s remained after the 
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destruction of the olfactory nerves, that Magendie was led 
to believe the fifth nerve might exercise the special sense. 

Animals do not all equally perceive the same odours ; 
the odours most plainly perceived by an herbivorous animal 
and by a carnivorous animal are different. The Carnivora 
liave the power of detecting most accurately by the smell 
the special peculiarities of animal matters, and of track- 
ing other animals by the scent ; but have apparently voiy 
little sensibility to llie odours of plants and flowers. 
Herbivorous animals are peculiarly sensitive to the latter, 
and have a narrower sensibility to animal odours, especially 
to such as proceed from other individuals than their own 
species. Man is far inferior to many animals of both 
classes in rcspocjt of the acuteness of smell ; but his sphere 
of susceptibility to various odours is more uniform and 
extended. The cause of this difference lies probably in 
the endowments of the cerebral parts of the olfactory 
apparatus. 

Opposed to the sen'sation of an agreeable odour is that- 
of a disagreeable or disgusting odour, which corresponds 
to the sensations of pain, dazzling and disharmony of 
colours, and dissonance in the other senses. The cause 
of this diffijrence in the effect of different odours is un- 
known ; but this much is certain, that odours are pleasant 
or offensive in a relative sense only, for many animals 
pass their existence in the midst of odours which to us are 
highly disagreeable. A great difference in this respect is, 
indeed, observed amongst men : many odours, generally 
thought agreeable, are to some persons intolerable; and 
different persons describe differently the sensations '»that 
they, severally derive from the same odorous substances, 
jseems also to be in some persons an insensibility to 
odours, comparable with that of the eye to certaia 
cokurs ; and among different persons, as great a difference 
in the acuteness of •the sense o^ smell as among others in 
the acuteness of sight. We have no exact proof that a 
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relation of harmony and disharmony exists between odours 
as between colours and sounds ; though it is probable that 
such is the case, since it certainly is so with regard to the 
sense of taste ; and since such a relation would account 
in some treasure for the dillerent degrees of perceptive 
power in different persons ; for as some have no ear for 
music (as it is said), so others have no clear appreciation 
of the relation of odours, and therefore little pleasure in 
them. 

The sensations of the olfactory nerves, independent of 
the external application of odorous substances, have 
hitherto been little studied. It has been found that 
solutions of inodorous substances, such as salts, excite no 
sensation of odour when injected into the nostrils. The 
friction of the electric machine is^i however, known to 
produce a smell like that of phosphorus. Kitter, too, has 
observed, that when galvanism is applied to the organ of 
smell, besides the impulse to sneeze, and the tickling 
sensation excited in the filaments df the fifth nerve, a 
smell like that of ammonia was excited by the negative 
pole, and an acid odour by the positive pole ; whichever of 
these sensations was produced, it remained constant as long 
us the circle was closed, and changed to the other at the 
moment of tho circle being opened. Frequently a person 
smells something which is not prei^ent, and which other 
persons cannot smell ; this is very frequent with nervous 
people, but it occasionally happens to every one. In 
a man who was constantly conscious of a bad odour, the 
arachnoid was found after death, by MM. Cullerier and 
.Maignault, to be beset with deposits of bone ; and in the 
middle of, the cerebral hemispheres were scrofuloi^s cysts 
in a state of suppuration. Dubois was acquainted with a 
man, who, ever after a fall from hi» horse, which occixrred 
several years before his death, believed that he smelt a bad 
odour. 
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THE SENSE OF SIGHT. 

The eyeball or the organ of vision (fig. 178) consists of a 
variety of structures which may be thus enumerated : — 


Fig. 178. 


CUiary mnscle-> 

Ciliary proce«8- 
Canal of Fetit- 
Comeii- 
Afit^rior cbamliet'^ 

I 

Lon?- 


IriB-j 

I 

Ciliary process- ■ 
Ciliivry dqtiscIo-! 



The sclerotic, or outermost coat, envelops about five- 
sixths of tlie eyeball : continuous with it, in front, and 
occupying the remaining sixth, is the cornea. The cornea 
and front portion of the sclerotic are covered by mucous 
membrane, — the conjunctiva; that which covers the front 
of the cornea being little more than squ^ous epith^ium. 
Immediately within the sclerotic is the choroid coat, and 
within the choroid is the retina. 'Die interior of the eye** 
ball is well-nigh filled by the aqueous and vitreous humours 
and the crystalline lens ; but also/ there iS suspended in the 
interior a contractile and .perforated curtain, -^tbe trh, for 
regulating the admission of .%ht, and behind the junction 
of,, the sclerotic and pornea is the ciliary muscle, the func- 
tion of whieli is to adapt the eye for seeing objects at varioua ' 
distances. ' ' 
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These structures may be now examined rather more iu 
detail. 

The sclerotic coat is composed of connective tissue, 
arranged in variously disposed and intercommunicating 
layers. It is strong, tough, and opaque, and not very 
elastic. 

The cornea (fig. 1 79) is, like the sclerotic, with which it 
is continuous, chiefly of a fibrous • * 

structure, but the fibres are so 
modified and arranged as to form 
a transparent membrane for the 
passage ofi light. Both in front of 
and behind the fibrous tissue of 
the cornea is a structureless elastic 
membrane with epithelium. 

The choroid, which is the next 
tunic of the eye within the sclerotic 
and immediately outside the retina, 
consists of a thin and highly vascu* 
lar membrane, of which the inter- 
nal surface is covered by a layer 
of black pigment cells. The prin- 
cipal use of the choroid is to absorb, c 

by means of its pigment, those rays 
of light which pass through the 
transparent retina, and thus to 
prevent their being thrown again 
upon the retina, so as to interfere 

* Fig. 179.' Strnoture of the cornea (after Bowman). A BAG, 

A, Small poiiion of a vertical lection of the cornea in the adult ; a, con- 
junctival epithelium ; b, anterior elastic lamina ; e to fibrous laminm 
with nuclei bodies interspersed between* them ; c, fibres shooting 
thhiugh some of thele layer# firom the external elastic lamina ; d, pos- 
terior elastic lamina or membhme of Demour# ; e, internal epitheUum 
of ,^ B, epithelium of th^|#ombrauo <>f Pemouts, as seen looking 
fowkcls its surface. C, the ss^o in section. t 
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Fi(j, iSo.* 



Fifj. iSi.t 


witli the distinctnefes of 
the images there formed. 
Hence animals in which 
the choroid is destitute of 
pigment, and human Albi- 
noes, are dazzled by day- 
light and see best in the 
twilight. The choroid coat 
ends in front in what are 
cialled the ciliary processes 
(fig. l 80 ). 

The retim ^g. l8l) is 
a delicate membrane, 
(joncave, with the conca- 
vity directed forwards 
and ending in front, near 
the outer part of the 
ciliary processes in a 
finely notched edge, — 
the ora serrata. Semi- 
transparent ^vhen fresh, 
it soon becomes clouded 
and opaque, with a 
pinkish tint from the 
blood in its minute 



* Eig. 180. piliary processes «s seen from behind, f. — i, posterior 
•surface of the iris, with the sphincter mixsclo of the pupil ; 2, anterior 
piu’t of the choroid coat ; 3, one of tlie ciliary x^rocesses, of which about 
seventy are rci)resented. ' 

t Fig. tSi. The posterior half of the retina df the left 05^6 viewed 
from before (after Henle) ; the cut edge of the sojwtic cost ; #e 
choroid ; r, the retina ; in the interior at the ini^ctle, the macnia lutea 
with the depression of the ^vek centralis is represented by a slight! oyal 
sliade ; towanls tl^e left side the light spot indicates the colUculus. or 
^m^ence at the entrant^ pf the optic tiervo, from the centre of which 
arteria centralis is seen spreading its bn^^hes into the retina^ 
levying the part occupied by the macula comparatively free. 
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vessels. It results from the sudden spreading out or ex- 
pansion of the optic nerve, of whoso terminal fibres, appa- 
rently deprived of their external white substance, together 
vrith nerve-cells, it is essentially composed. 

Exactly in the centre of the retina, and at a x>oint thus 
corresponding to the axis of the pig, 182.* 


eye in which the sense of vision 
is most perfect, is a round yellow- 
ish elevated spot, about of an 
inch in diameter, having a 
minute aperture at its summit, 
and called^fter its discoverer the 
yellow spot of Scemmeriny, It is 
not covered by the fibrous part 
of the retina, but a layer of 
closely-set cells passes over it, 
and in its centre is a minute 
depression called fovea centralu. 
About of an inch to the 
inner side of tlie yellow spot, and 
consequently of the axis of the 
eye, is the point at which the 
optic nerve spreads out its fibres 
to form the retina. This is the 



* Fig. 182, Vortical scctioii of a small part of the retina (after Kolliker), 
■‘’-J", A, entire section of a small part of the retina ; B, two cones re- 
presented separately in tlieir connection with tlie fibres of Muller and 
other structures ; CJ, two rods represented separately in their connection 
with the granules, ‘fibjres of Muller and the nem-cells; i, columnar 
layer ; a, in A and C, the rods, in B, the terminal part of tlie cone ; ft, 
cones; 2, granular layer; c, outer layer of nuclei (striated corpuscles of 
Henlc) ; Id, inner layer of nuclei ; ff inteieuucloar layer ; ne^ous 
^yer; </, fine molecular substance outside A, the nerve-cells ; ifc, nem- 
fibres ; ^ membrana limitans ;•«, inner ondstof fibres of MttUer 
resting on the limiting memlfauc. . ^ 
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only point of the surface of the retina from lyhich the 
power of vision is absent. 

On making a vertical section of the retina, it is seen, 
under the microscope, to be composed of several layers 
which differ from each other in structure and arrangement, 
while besides these there are fibres, the so-called fibres of 
Muller, which extend through the different layers, and 
perforate them, so to speak. Fig. 182 represents a verti- 
cal section of a smafl piece of the retina. On examina- 
tion it will be seen that there are three principal layers, 
bounded on the inner aspect by a mevibrana Iwiitans, 
and on the outer by the choroid coat. I . Thei outermost 
is the membrane of Jacob, or the columnar laj’er. 2. In 
the middle is the granular layer. 3. The innermost 
is the nervous layer. .Each of these layers, again, is com- 
posed of different strata, after the fashion shown in the 
figure. 

The columnar layer (Jacob’s membrane) is composed of 
cylindrical or staff-shhped, transparent and highly refrac- 
tive bodies, arranged perpendicularly to the surface of the 
retina, with their outer extremities imbedded, to a greater 
or less depth, in a layer of black pigment of the choroid 
coat. Recent researches seem to have determined that 
this membrane, instead of being, as was formerly con- 
sidered, an independent covering, is intimately associated, 
both in structure and function, with the sensitive part of 
the retina; for the conical and staff-shaped bodies, of 
which it is composed, appear to be connected, by means of 
delicate fibres issuing from them, with the nerve-vesicles 
of the retina, and even to become continuous with the 
radiating processes which some of these vesicles present. 
Conoemipg the use of these bodies, the discovery of their 
coml^^un with the sensitive port of the retina supports 

Dpinion entertained by Ko^ker and H. Muller, that 
special ^ofiBjee i6 "to receive* and transmit imprewipus 
of^ht ' 
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The structures of which -the granular layer is composed 
are indicated in th^ figure. 

The nervous layer is composed of nerve-cot'puscles and 
nerve- The nerve-corpuscles are tlie outermost, and 
are most numerous over the yellow spot, and absent alto- 
gether from the point of entrance of the optic nerve. 
They are imbedded in fine molecular matter, which also 
forms a layer outside them. The nerve-Jihres radiate as a 
fine membranous network from the point of entrance of 
Ihe optic nerve, of whose fibres they are the continuation. 
They end probably in the nerve-cbrpmcles. The ^bres are 
absent froimthe yellow spot. 

Two of the fibres of Muller are, for the sake of illustra- 
tion, arranged in the figure separately on each side of the 
layer which they perforate. About the connection of the 
fibres of Muller there is some uncertainty. They are 
supposed to be connected by their outer ends with the rods 
and cones ; and by their which are thought to be 

modifications of connective tissue, they rest on the 
hrana limitans. Between these points they are supposed 
to have connections also with some of thfe other structures 
through which they pass, especially with the inner layer 
of nuclei. 

The retinal blood-vessels ramify chiefly in the nervous ‘ 
layer. 

The structures which have been just described are modi- 
fied in their distribution over the yellow spot in the follow- 
ing manner : — Of the columnar layer, or mmnhrana Jacobi^ 
the cones greatly predominate ; of the nervous layers the 
cells are numerous, while the nerve-fibres are absent. 
There are capillaries here, but none of the larger branches 
of the retinal arteries. Opposite the fovea centralis, there 
are, moreover, neither the granular, ndr the fine molecular 
layer, nor liie fibres of MiiU^y. 

By means of the retina the other parts just described, 
Revision is afforded for enabling the terminal fibres of 

• T T 
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the optic nerve to receive the impression of rays of light, 
and to communicate them to the brain, in which they excite 
the sensation of vision. But that light should produce in 
the retina images of the objects from which it comes, it is 
necessary that, when emitted or reflected from determinate 
parts of the external objects, it should stimulate only 
corresponding parts of the retina. For as light radiates 
from a luminous body in all directions, when the media 
offer no impodimeflt to its transmission, a luminous ‘point 
will necessarily illuminate all parts of a surface, such as 
the retina opposed to it, and not merely one single point. 
A retina, therefore, without any optical apparatus placed 
in front of it to separate the light of different objects, would 
see nothing distinctly, but would merely perceive the 
general impression 6f daylight, and distinguish it from the 
night. Accordingly, we find that in man, and all ver- 
tebrate animals, cjortain transparent refracting media are 
placed in front of the retina for the purpose of collecting 
together into one point, the different divergent rays emitted 
by each point of the external body, and of giving them such 
directions that they shall fall on corresponding points of 
the retina, and thus produce an exact image of the object 
from which they proceed. These refracting media are, in 
the order of succession from without inwards, the cornea, 
the aqueous humour^ the crystalline lens^ and the vitreous 
humour (fig. 178). ' 

The cornea, the structure of which has been already 
referred to (p. 637), is in a twofold manner capable of 
refracting and causing convergence of the rays of light 
that fall upon and traverse it. It thus* affects them first, 
by its density; for it is a law hi optics that when rays of 
light pass from a rarer into a denser medium, if they im- 
pingfa upon the surface in a direction removed from the 
jwrpendicular, they are bent put of their former direction 
towards that of a line perpendicular to the surface of the 
denser medium; and, secondly, byjts convexity; for it is 
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another law in optics that rays of light imf)inging upon a 
<‘onvex transparent surface, are refracted towards the 
centre, those being most refracted which are farthest from 
the centre of the convex surface. 

Behind the cornea is a space containing a thin watery 
fluid, the aqueous humour, holding in solution a small quan- 
tity of chloride of sodium and extractive matter. The 
space containing the aqueous humour is divided into an 
anterior and posterior chamber by a membranous partition, 
the iris, to be presently again mentioned. The effect i)ro- 
ducojd by the aqueous humour on the rays of light travers- 
ing it, is njt yet fully ascertained. Its chief use, probably, 
is to assist in filling the eyeball, so as to maintain its proper 
convexity, and at the same time to furnish- a medium in 
whiclx the movements of the iris can teike place. 

Behind the aqueous humour and the iris, and imbedded 
in the anterior part of the me- 
dium next to be described, viz., 
the vitreous humour, is seated a 
doubly-convex body, the^rygta^ - 
Une lens , which is the most im- 
portant refracting structure of 
the eye. The structure of the 
lens is very complex. It consists 
essentially of fibres united side 
by side to each other, and 
arranged together in very numerous laminco, which are so 
placed upon one another, that when hardened in spirit 
the lens splits into three portions, in the form of sectors, 
each of which is composed of superimposed concentric 
laminsD. The lens increases in density and, consequently^ 
in power of refraction, from without inwards ; the central 

* Fig. 183. Laminated structure of the crystalline lens (from Ar- 
nold). f — The laininfe are spUt up after hardening inuJcohoL i, the 
denser central part or nucleus ; 2, the successive external layers. ^ 

' ' ' . • ’ ' T T 2 * 




644 


THE SENSE OF SIGHT. 


l^art, -usually termed the nucleus, being the most dense. 
The density of the lens increases -wdth age; it is com- 
paratively soft in infancy, but very firm in advanced life : 
it is also more spherical at an early period of life than in 
old age. 

The vitreovs Immour constitutes nearly four-fifths of the 
whole globe of tlie eye. It fills up the space between the 
retina and the leni^, and its soft jelly-like substance con- 
sists essentially ofe numerous layers, formed of delicate, 
simple menibrane, the spaces between which are filled with 
a watery, pellucid fluid. It probably exercises some^ share 
in refracting the rays of light to the retina ; but its princi- 
pal use ap])ears to be that of giving the proper di stension 
to the globe of the eye, and of keeping the surface of the 
retina at a proper distance from the lens. 

As already observed, the space occupied by the aqueous 
humour is divided into two portions by a verticoUy-placod 
membranous diaphragm, termed the ms, provided with 
a central aperture, tho pupil, for the transmission of light. 
Tlie iris is composed of organic muscular fibres imbedded 
in ordinary fibro-cellular or connective tissue. The mus- 
culiir fibres of the iris have a direction, for the most part, 
radiating from the circumference towards the pupil ; but 
as they approach the ’^pupiUary margin, l^hey assume a 
circular direction, and at the very edge form a complete 
ring. By the contraction of the radiating fibres, the size 
of the pupil is enlarged : by the contraction of the circular 
ones, which resemble a kind of sphincter, it is diminfehed. 
The object effected by the movements of the iris, is &e 
reguUtion of the quantity, of light t]5ansinitted^.tq the 
retina ; the quantity of which is, cdteris paribus, directly 
proportioned to the size of the pupillary aperture. The 
posterior surface of the iris is coated with a layer of dark 
pigment, so that no rays of light can pass to the retina, 
e!kcept such as are admitted tlirough the aperture of the 
impiL , 
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The ciliary muscle is composed of organic muscular fibres, 
which form a narrow zone around the interior of the eye- 
})all, near the line of junction of the cornea with tho 
sclerotic, and just behind the outer border of the iris (fig. 
178). Tlio outermost fibres of this muscle are attached in 
front to the inner part of the sclerotic and cornea at their 
line of junction, and, diverging somewhat, are fixed to the 
ciliary processes, and a small portion of the choroid imme- 
diately behind them. The imier fibres, immediately within 
the preceding, form a circulax zone around the Interior of 
the eye-ball, outside the ciliary processes. They compose 
the ring fonuerly called the ciliary ligament. 

Tlie function of this muscle is to adapt the eye , for 
seeing objects _,at various distances. The manner in 
which it efibets this object will be considered afterwards 
(p. 650). 

The contents of the ball of the eye are surrounded and 
kept in position by the cornea^ and the^ dense, fibrous mem- 
brane before referred to as the sclerotic, which, besides thus 
encasing the contents of the eye, serves to give attach- 
ment to the various muscles by which the movements 
of the eye-ball are effected. These muscles, and the 
nerves supplying them, have been already -considered 
(p. 539, et seq.). , 

Of the Phenomena of Vision, 

The essential constituents of the optical apparatus of the 
eye may be thus enumerated;— a nervous structure to 
receive and transmit to the brain the impressions of light ; 
certain refracting media foT the purpose of so disposing of 
the rays of light traversing them as to throw a; correct 
image of an external body on the Retina; a contractile 
diaphragm with a central, aperture for regulating 
, quantity of light admitted the eye ; and a contractile 
str ucture by which the chief red acting inedium shall be so 
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controlled as to enable objects to be seen at various 
distances. 

With the help of the diagram below (fig. 184), repre- 
senting a vertical section of the eye from before back- 
wards, the mode in which, by means of the refracting 
media of the eye, an image of an object of sight is thrown 
on the retina, may be rendered intelligible. The rays of 
the cones of light eiliitted by the points a b, and every other 
point of an object ]flaced before the eye, are first refracted, 
that is, are , bent towards the axis of the cone, by the 
cornea c r, and the aqueous humour contained between it 
and the lens. The rays of each cone are again refracted 

Fig. 184. 



and bent still more towards its central ray or axis by the 
anterior surface of the lens e e ; and again as they pass 
out through its posterior ^ surface into the less dense 
medium of the vitreous humour. For a lens has the power 
of refracting and causing the convergence of the rays of 
a cone of light, not only on their entrance from a rarer 
medium into its anterior convex surface, but also at their 
exit from .its posterior convex surface into the rarer 
i^edinm. ^ 

In this manner the rays of the cones of light issuing 
from the points a and b are again collected to points at a 
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and h ; and, if the retina r be situated at a and b, perfect, 
though reversed, images of the points a and n will be 
perceived : but if the retina be not at a and but either 
before or behind that situation,— for instance, at h or g, — 
circular luminous spots c and /, or e and 0, instead of 
points, will be seen ; for at h the rays have not yet met, 
and at g they have already intersected each other, and are 
again diverging. The retina must therefore be situated 
at the proper focal distance from the lens, otherwise a de- 
fined image will not be formed; or, in other words, the 
rays emitted by a given point of the object will not be 
collected into a corresponding point of focus* upon the 
retina. 

The means by which distinct and correct images of objects 
are formed in the retina, in the various conditions in which 
the eye is placed in relation to external objects, may be 
separately considered under the following heads: i, the 
means for preventing indistinctness from aberration; 2, 
the means for preventing it when •objects are viewed at 
different distances; 3, the means by which the reversed 
image of an object on the retina is perceived as in its right 
position by the mind. 

I. Since the retina is concave, and from its centre 
towards its margins gradually approaches the lens, it 
follows that the images of objects situated at the sides 
cannot be so distinct as those of objects nearer to the 
middle of the field of vision, and of which the images are 
formed at a distance beyond the lens exactly corresponding 
to the situation of the retina. . Moreover, the rays of a 
cone of light fi^om an object situated at the side of the 
field of vision do not meet all in the same point, owing to 
their unequal refraction; for the refraction of the rays 
which pass through the circumference of a lens is greater 
than that of those traversing its central ^portion. The con- 
currence of these two circiimstanQeiB would cause indistihet- 
uess of vision, unless defected by some oQntrivance. Such 
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correction is effected, in both cases, by the iris, which 
forms a kind of annular diaphragm to cover the circum- 
ference of the lens, and to prevent the rays from passing 
through any part of the lens but its centre, which corre- 
sponds to the pupil. 

The image of an object will be most defined and distinct 
when' the pupil is narrow, the object at the proper distance 
j for vision, and the light abundant ; so that, while a suffi- 
cient number of rqys are admitted, the narrowness of tho 
pupil may prevent the production of indistinctness of tho 
image by this spherical aberration or unequal refraction just 
mentioned. But even the image formed by tjie rays pass- 
ing tlirough the circumference of the lens, when the pupil 
is much dilated, as in the dark, or in a feeble light, may, 
under certain circumstances, be well defined ; the image 
formed by the central rays being then indistinct or invisible, 
in consequence of the retina not receiving those rays where 
they are concentrated to a focus. 

Distinctness of vision is further secured by the inner 
surface of the choroid, immediately external to the retina 
itself, as well as the posterior surface of tlie iris and tho 
ciliaiy processes, being coated with black pigment, which 
absorbs any rays of light that may be reflected within the 
eye, and jorevents their being thrown again upon the retina 
so as to interfere with the images there formed. The 
pigment of tho choroid is especially important in this 
respect ; for the retina is very transparent, and if the sur- 
face behind it were not of a dark colour, but capable of 
reflecting the light, the luminous rays which had already 
acted on the retina would be reflected again through it, 
and would fall upon other parts, of the same membrane, 
producing both dazzling from excessive light, and indis- 
tinctness of the imageij. 

Jn the passage of Kght through an ordinary convex lens, 
j decomposition of each ray inft) elementary coloured 
parts commonly ensues, and a coloured margin appears 
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around the image, owing. to the unequal refraction which 
the elementary colours undergo. In the optical instru- 
ments tills, which is termed chromatic aberration, is corrected 
by the use of two or more lenses, differing in shaiie and 
density, the second of which continues or increases the 
ri^fraction of tlie rays produced by the first, but by recom- 
bining the individual parts of each ray into its original 
wliite light, corrects .any chromatic aberration which may 
liave resulted from llie first. It is probable that the un- 
equal refractive power of tho transparent media in front 
of the retina may be tlie moans by wliich the ej^e is enabled 
to guard against the effect of chromatic aberration. The 
human eye is achromatic, however, only so long as the 
image is received at its focal distance upon the retina, or 
so long as the eye adapts itself to tho different distances 
of sight. If either of these conditions bo interfered with, a 
more or less distinct appearance of colours is produced. 

2. The distinctness of tho image formed upon the retina 
is m.airily dependent on the rays emitfed by each luminous f 
point of the objecjt being brought to a ])erfe(tt focus upon ! 
the retina. If this focus occur at a point either in front 1 
of, or behind the retina, indistinctness of vision ensues, 
with tlie production of a halo^ The focal distance, i, e., the 
distance of the point at which tho luminous rays from a 
lens are collected, besides being regulated by the degree of 
convexity and density of the lens, varies with the distance 
of the object from' the lens, being greater as this is shorter, 
and vke versa. Hence, since objects placed at variqus dis- 
tances from the eye can, within a certain range, different 
in different persons, be seen with almost equal distinctness, 
there must be some provision by which the eye k enabled 
to adapt itself, so that whatever length tho focal distance 
may be, the focal point may always 5all exactly upon the 
retina. ^ 

This power of adaptation 'of the eye' to vision at different 
distances has received most varied Explanations. It' is 
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obvious tliat the effect might be produced in pither of two 
ways, vi^., by altering the convexity or density, and thus 
the refracting power, either of the cornea or lens ; or, by 
changing the position either of the r etina or of the jens, so 
that whether the object viewed be near or distant, and the 
focal distance thus increased or diminished, the focal point 
to which the rays are converged by the lens may always be 
at the place occupied by the Retina. The amount of either 
of these changes reqmred in even the widest range of 
vision, is extrditiely small. For, from the refractive powers 
of the media of the eye, it has been calculated by Olbers, 
that the difference between the focal distances of the 
images of an object at such a distance that the rays are 
parallel, and of one at the distance of four inches, is only 
about 0.143 of an inch. On this calculation, the change 
in the distance of the retina from the lens required for 
vision at all distances, supposing the cornea and lens to 
maintain the same form, would not bo more than about 
one line. 

It is now almost universally believed that Helmholtz is 
right in his statement tliat the immediate cause of the 
adaptation of the eye for objects at different distances is a 
varying shape of the lens, its front surface becoming more 
or less convex, according to the distance of the object 
looked at. Tiie nearer the object, the more convex does 
the front surface of the lens become, and vice versa; the 
back surface taking little or no share in the production of 
the effect required. Of course, the lens has no inherent 
power of contraction, and therefore its changes of outline 
must be produced by some power from without ; and there 
seems no reason to doubt that this pow'er is supplied by 
the ciliary muscle. The exact manner, however, in which, 
by its contraction, the ciliary muscle effects a change in 
the shape of the (Tystalline lens is doubtful. The most 
j>rc>bable explanatidn'of the phenomenon, however, is that 
in adapting the eye for viewing near objects the ciliary 
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iniiscle contwicts, and, by such contraction, diminislies the 
force with ^ijrhich the elastic suspensory ligament of the 
lens is tending to flatten it. On the latter supposition, the 
lens may be supposed to be always in a state of tension 
and partial flattening from the action of the suspensory" 
ligament; while the ciliary muscle, by diminishing the 
tension of this ligament, diminishes, to a proportional 
degree, the flattening of which it is tlie cause. On dimi- 
nution or cessation of the action of the ciliary muscle, the 
lens returns, in a corresponding degree,*** to its former 
shape, by virtue of the elasticity of its suspensory liga- 
ment. li\ viewing near objects, the iris contracts, so that 
its pupillary edge is moved a very little forwards, and the 
pupil itself is contracted — the opposite effect taking place 
on withdrawal of the attention from near objects, and fixing 
it on those distant. 

The range of distances through which persons can adapt 
their power of vision 
is not in all cases 
tlie same. Some per- ^ 
sons possess scarcely 
any power of adap- 
tation, and of this 
defect of vision there n • 
are two kinds; one, 
in which the person 
can see objects dis- 
tinctly only when brought close to the eye, having little 
2>ower to discern distant objects ; another, in which distant 
objects ajone can be distinctly perceived, a small body 
being almost invisible except when held at a considerable 
distance from the eye. In the one case the person is said 
to be short-sighted or myopic : in the other, long-sighted 
or presbyopic. Myopia is caused by anything, such as 
undue convexity of the lens^^ which increases the re&acting 
power of the eye, and so dms<\s the image of the pbject 
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to be formed at a point anterior to the retina : the defect 
is remedied by the use of concave glasses. Presbyopia, or 
long:sightedness, is the result of conditions the reverse of 
the above, and is remedied by the use of convex glasses, 
which diminish the focal distance of an image formed in 
the eye.’^' 

3. The direction given to the rays by their refraction is 
regulated by that of the central ray, or axis of the cone , 
towards which the Ays arc bent. The image of any 
]>omt of an object is, therefore, as a rule (the excejitions to 
whicli need not here be stated), always formed in a line 
identical with the axis of tlie cone of light, as i-n the line 
of vt rt, or A b] fig. 185 : so that the spot where the imago 
of any point will be formed upon the retina may bo deter- 
mined by prolonging -the central ray of the cone of light, 
or that ray which traverses tho centre of the pupil. Thus 
A b is the axis or central ray of the cone of light issuing 
from a; b a, tho central ray of the cone of light issuing from 
B ; the image of a is formed at 6, tlie image of n at a, in 
the inverted position; therefore what in tho object w’^as 
above is in the image below, and vice versa , — the right-hand 
part of tlie object is in the image to the left, the left- 
hand to the right. If an opening be made in an eye at 
its superior surface, so that tho retina can be seen through 
the vitreous humour, this reversed image of any bright 
object, such as the windows of the room, may be perceived 
at the bottom of the eye. Or still better, if the eye of any 
albino animal, such as a white rabbit, in which the coats, 
from the absence of pigment, are transparent, is dissected 
<*l(ian, and held with the cornea towards window, a very 
distinct image of the window completely inverted is seen 
depicted on the posterior translucent wall of the eye., 
Voikmann lias also shown that a similar experiment may 

For details on this subject, consult the various treatises on tho 
PhysioJogy and Defects of Vision. 
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be successfuUy performed in a living person possessed 
of large prominent eyes, and an unusually transparent 
sclerotica. 

No completely satisfactory explanation has yet been 
ofiPered to account for the mind being able to form a 
correct idea of the erect position ^of an object, of which an 
inverted image is formed on the retina. Muller and 
Volkmann are of opinion that the mind really perceives 
an object as inverted, but needs no correction, since every- 
thing is seen alike inverted, and the relative position of 
the objects therefore remains unchanged : and^ the only 
proof we i^^in possibly have of the inversion is by experi- 
inept and the study of the laws of optics. It is the same 
thing as the daily inversion of objects consequent on the 
revolution of tlie entire earth, which -wo know only by ob- 
serving the position of the stars ; and yet it is certain that, 
within twenty-four hours, that which was below in relation 
to the stars, comes to be above. Hence it is, also, that no 
discordance arises between the sensations of inverted vision 
and those of touch, which perceives everything in its erect 
position ; for the images of all objects, eyen of our own 
‘limbs, in the retina, are equally inverted, and therefore 
maintain the same relative position. Even the image of 
our hiind, while used in touch, is seen inverted. The 
position in which we see objects, we call therefore the 
erect position. A mere lateral inversion of our body in a 
mirror, w'here * the right hand occupies the left of the 
image, is indeed scarcely remarked : and there is but little 
discordance between the sensations acquired by touch in 
regulating our movements by the image in the mirror, and 
those of sight, as, for example, in tying a knot in the^. 
cravat. There is some want of harmony here, on account 
of the inversion being only lateral, and not complete in all 
directions. 

^ ft ^ 4 

The perception of the erect position of objects appears, 
therefore, to be the result of an act of the mind. And this 
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leads us to a consideration of the several other properties 
of the retina, and of the co-operation of the mind in the 
several other parts of the act of vision. To these belong 
not merely the act of sensation itself, and the perception 
of the changes produced in the retina, as light and colours, 
hut also the conversion of the mere images depicted in the 
retina into ideas of an extended field of vision, of proxi- 
mity and distance, cf the form and size of objects, of the 
reciprocal influence *of different parts of the retina upon 
each other, the simultaneous action of the two eyes, and 
some other phenomena. 

To speak first of the ideal size of the field of vision : — The 
actual size of the field of vision depends on tlio extent of 
the retina, for only so many images can be seen at any one 
time as can occupy the retina, a1 the same time ; and thus 
considered, the retina, of which the affections are perceived 
by the mind, is itself the field of vision. But to the mind 
of the individual the size of the field of vision has no 
determinate limits ; sometimes it appears very small, at 
another time very large ; for the mind has the x)o\ver of 
projecting the images on the retina towards the exterior. 
Hence the mental field of vision is very small when the 
sphere of Ijie ad ion of the mind is limited to impediments 
near the eye : on the contrary, it is very extensive when 
the projection of the images on the retina towards tl»o 
♦ xterior, by the influence of the mind, is not impeded. It 
is very siriall when we look into a hollow body of small 
capacity held before the eyes ; large when w^e look out 
upon the landscape through a small opening ; more exten- 
sive when we look at the landscape tlirough a window . 
and most so when our view is not confined by any near 
object. In all these cases the idea which we receive of 
the size of tlie field of vision is very different, although its 
absolute size is in all the san^e, being dependent on the 
extent of the retina*. * Hence it follows, that the mind is 
i^onstftntly co-operating in the acts of ^vision, so that at last 
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it becomes djfflcult to say what belongs to mere sensation, 
and what to the influence of the mind. 

' By a mental operation of this kind, w^e obtain a correct 
idea of the size of individual objects, as well as of the 
extent of the field of vision. To understand this, it will be 
necessary to refer again to fig. 185, p. 651. 

The angle x, included between the decussating central 
rays of two cones of light issuing from different points of 
an object, is called the optical angle — angidus opticus sen 
risorius. This angle becomes larger, the greater the dis- 
tance between the points a and n ; and since the angles a) 
and y are ^qual, the di.stanc0 between the points a and b 
in the image on the retina increases as the angle a? becomes 
larger. Objects at different distances from the eye, but 
having the same optical angle, x — for* example, the objects, 
c, d, and e , — must also throw images of equal size upon 
the retina ; and, if they occupy the same angle of the field 
of vision, their imago must occupy the same spot in the 
retina. 

Nevertheless, these images apx>ear to the mind to be of 
very unequal size when the ideas of distance and proximity 
come into play; for, from the image a b, the mind forms 
the conception of a visual space extending to e, d, or c, and 
of an object of the size whicdi that represented by the 
image on the retina appears to have when viewed close to 
the eye, or under the most usual circumstances. A land- 
scape depicted on the retina, as a b^ and viewed under the 
angle x, is therefore conceived by the mind to have an 
extent of two miles perliaps, if we know that its extent is 
such, or if we infer it to be so from the number of known 
objects seen at the same4;ime. And in the same way that 
the images of several different objects, viewed under the 
same angle, thus appears to the mind to have a different 
size in the field of vision, so the whole field of vision, which 
has always the same t^ljeolute size, * is interpreted by the 
mind as of extremely various extent : and, for this leason 
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also, the image viewed in the camera obsonra is regarded 
as a real landscape — as the true field of vision — although 
only a small image depicted upon paper. ^ The same mental 
process gives rise to the idea of depth in the field of vision ; 
this idea being fixed in our mind principally by the cir- 
cumstance that, as we ourselves move forwards, different 
images in succession become depicted on our retina, so that 
we seem to pass between these images, which to the mind 
is tlie same thing as passing between the objects them- 
selves. 

Tlic action of the sense of vision in relation to external 
objects is, therefore, quite different from that of the sense 
of touch. The objects of the latter sense are immediately 
present to it ; and our own body, with which they come 
into contact, is the measure of their size. The part of a 
table touched by the hand apx)ears as large as the part of 
the baud receiving an impression from it, for a part of our 
body in which a sensation is excited,, is here the measure 
by wdiich Me judge of the magnitude of the object. In the 
sense of vision, on the contrary, the images o£ objects are 
mere fractions of the objects themselves realized upon the 
retina, the extent of which remains constantly the same. 
Hut tlio imagination, M^hich analyzes the sensations of 
•vision, invests tlie images of objects, together with the 
vdiole field of vision in the retina, with very varying 
dimensions ; the relative size of the images in pro- 
jmrtion to the whole field of vision, or of the affected 
parts of the retina to the whole retina, alone remaining 
unaltered. 

The direction in which an object is seen, the direction of 
viuonf or visual direction^ depends on the part of the retina 
Mhi(di receives the image, and on the distance of this part 
from, and its relation^ to, the central point of the retina. 
Thus, objects of which the images fall upon the same parts 
of the retina lie in the same visual direction; and when, 
by i the action of the mind, the images or affections of the 
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retina are projected into the exterior world, the relation of 
the images to each other remains the same. 

The estimation of the form of bodies by sight is the result 
partly of the mere sensation, and partly of the association 
of ideas. Since the form of the images perceived by the 
retina depends wholly on the outline of the part of the 
retina aHected, the sensation alone is adequate to the 
distinction of only superficial forms of each other, as of 
a square from a circle. But the idea of a solid body, as a 
* sphere, or a body of three or more dimensions, e.g,, a cube, 
can only be attained by the action of the mind constructing 
it from th^ different superficial images seen in different 
positions of the eye with regard to the object; and, as 
shown by Mr. Wheatstone and illustrated in the stereo- 
scope, from two different perspective projections of the 
body being presented simultaneously to the mind by 
the two eyes. Hence, when, in adult age, sight is sud- 
denly restored to persons blind from infancy, all objects in 
the field of vision appear at first as if painted flat on one 
surface; and no idea of solidity is formed until after 
long exercise of the sense of vision combined with that of 
touch. 

We judge of the motion of an object, partly from the 
motion of its image over the surface of the retina, and 
partly from the motion of our eyes following it. If the 
image upon the retina moves while our eyes and our body 
are at rest, we conclude that the object is changing its 
relative position with regard to ourselves. In such a case 
the movement of the object may bo apparent only, as when 
we are standing i:^on a body which is in motion, such as 
a’ ship. If, on the other hand, the image does not move 
with regard to the retina, but remains fixed upon the same 
spot of that membrane, while our e^fes follow the moving 
body, we judge of the mo^<m of the object by the sensa- 
tion of the muscles in action to move the eye. ^ If the 
'^^m.BLgo moves over the pnfaoe of, the retina while the mus- 
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cles of the eye are acting at the same time in a manner 
coiTesponding to this motion, as in reading, we infer that 
the object is stationary, and we know that we a^e merely 
altering the relations of onr eyes to the object, wmetimes 
the object appears ’to move when both object and eye are 
fixed, as in vertigo. 


The mind can, by the faculty of attention^ concentrate its 
activity more or less exclusively upon the senses of sight, 
hearing, and touch alternately. When exclusively occupied 
with the action of one sense, it is scarcely conscious of the 
sensations of the others. The mind, when deeply immersed 
in contemplations of another nature, is indifierent to the 
actions of the sense of sight, as of every other sense. We 
often, when deep in thought, have our eyes open and fixed, 
but see nothing, beeause of the stimulus of ordinary 
light being unable to excite the mind to perception 
when otherwise engaged. The attention which is thus 
necessary for vision,* is necessary also to analyse what the 
field of vision presents. The mind does not perceive all 
the objects presented by the field of vision at the same 
time with equal acuteness, but directs itself first to one 
and then to' another. The sensation becomes more intense, 
according as the particular object is at the time the 
principal object of mental contemplation. Any compound 


Fig, 186. 



near the outer 


mathematical figure produces a different 
impression according as the attention is 
directed exclusively to one or the other part 
of it. Thus, in fig. 186, we may in succes- 
sion have a vivid perception of the whole, 
or of distinct parts only; of the six triangles 
cirdfe, of the hexagon in the middle, or of 


the three large^ triafigles. The more numerous and varied 
^he parts of which a fignre jis composed, the more scopo 
does it afford for the play of the attention. Hence it is 
thciit architectural ornaments have an enlivening effect on^;. 



ANALYSIS OF FIELD OF VISION. 659 

the sense of vision, since they afford constantly fresh 
subject for the action of the mind. 

The duration of the sensation produced by a luminous 
impression on the retina is always greater than that of the 
impression which produces it. However brief the luminous 
impression, the effect on the retina always lasts for about 
one-eighth ^ of a second. Thus, supposing an object in 
motion, say a horse, to be revealed on* a dark night by a 
flash of lightning. The object would be seen apparently 
for an eighth of a second, but it would not appear in 
motion; because although the image remained on the 
retina for •this time, it was really revealed for such an 
extremely short period (the duration of a flash of lightning 
being almost instantaneous) that no appreciable movement 
on the part of the object could have taken place in the 
period during which it was revealed to the retina of the 
observer. And the same fact is proved in a reverse way. 
The spokes of a rapidly revolving wljeel are not seen as 
distinct objects, because at every point of the field of vision 
over which tho revolving spokes pass, a given impression 
has not faded before another comes to replace it. Thus every 
part of the interior of the wheel appears occupied. 

The duration of the after-sensation or spectrum, produced 
by an object, is greater in a direct ratio with the dura- 
tion of the impression which caused it. Hence the image 
of a bright object, as of the panes of a window through 
which the light is shining, may be perceived in the retina 
for a considerable period, if we have previously kept our 
eye fixed for some time on it. 

The colour of the spectrum varies with that of the object 
which produced it. The spectra left by the images of 
white or luminous objects, are ordinarily white or lumi- 
nous; those left by dark objecto are dark. Sometimes/ 
however, the relation of the light and dark parts in the 
image may, under certain c^umstances, be reversed in 
\the spectrum; what wja« bright inay* be dark, and wliat 
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was dark may appear light. This occurs whenever the 
eye, which is the seat of the spectrum of a luminous object, 

is not closed, but fixed 
upon another bright or 
white surface, as a white 
wall, or a sheet of white 
paper. Hence the spectrum 
of the sun, which, while 
light is excluded from the 
eye is luminous, appears 
black or grey when the 
eye is directed upon a 
white surface. The explanation of this is, that the part 
of the retina which has received the luminous image 
remains for a certain period afterwards in an exliausted or 
less sensitive state, while that which has received a dark 
image is in an unexhausted, and therefore much more 
excitable condition. « 

The ocular spectra which remain after the impression of 
coloured objects upon the retina are always coloured ; and 


Ftff. 187*. 

red 



* Fig. 187. A circle sliowing the various simple and compound 
colours of ligVit, and those which arc complemeutul of each other, i.c., 
which, when mixed, produce a neutral grey tint. The three simple 
colours, red, yellow, and hlue, are placed at the angles of an equilateral 
triangle ; which ai*e connected together by means of a circle ; the mixed 
colours, green, orange, and violet, are placed intermediate between the 
ctirresponding simple or homogeneous colours ; and the complemental 
colours, of which the pigments, when mixed, would constitute a grey, 
and of which the prismatic spectra would together produce a white light, 
^vill be found to be placed in each case opposite tp each othei*, but con- 
nected by a line passing through the centre of the circle. The figure 
is also useful in showing the further shades of colour which are com- 
pl^smentary of each other. If the circle be supposed to contain evoiy 
transition of colour between the six marked down, those which, when 
united, yield . a white or grey colour, will always be found directly 
di^posite to each othef ; thus, forexalhple, the intermediate tint between 
orange and red is complemental of the middle tint between green and 
blue: ‘ , 
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their colour is not that of the object, or of the image pro- 
duced directly by the object, but the opposite, or complex 
mental colour. The spectrum of a red object is, therefore, 
green ; that of a green object, red ; that of violet, yellow ; 
that of yellow, violet, and so on. The reason of this is 
obvious. The part of the retina which receives, say, a red 
image, is wearied by that particular colour, but remains 
sensitive to the other rays which with red make up white 
light ; and, therefore, these by themselves reflected from a 
white object produce a green hue. If^ on the other hand, 
the first object looked at be green, the retina being tired 
of green rays, receives a red image when the eyfe is turned 
to a white object. , And so with tlie other colours; the 
retina while fatigued by yellow rays will suppose an object 
to be violet, and vice vena; the siize and shape of the 
spectrum corresponding with the size and shape of the 
original object looked at. The colours whicli thus recipro- 
cally excite each other in the retina are those placed at 
opposite points of the circle in fig. 1 87* * 

Of the Ileciprocal Action of different Parts of the Retina on 
each other. 

Although each elementary part of the retina represents 
a distinct portion of the field of vision, yet the different 
elementary parts, or sensitive points, of that membrane 
have a certain influence on each other ; the particular con- 
dition of one influencing that of another, so that the image 
perceived by one part is modified by the image depicted in 
the other. The phenomena, which result from this rela- 
tion between the different parts of tho retina, may be 
arranged in two classei^; the one including those where 
the condition existing in the greater extent of the retina is 
imparted to the remainder of that piembrane ; the other, 
consisting of those in which, the condition of the larger 
portion of the retina excites, in the* less extensive portion, 
the opposite condition. 
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1. When two opposite impressions occur in contiguous 
parts of an image on the retina, the one impression is, 
under certain circumstances, modified by the other. If 
the impressions occupy each one-half of the image, this 
does not take place ; for in that case, their actions are 
equally balanced. But if one of the impressions occupies 
only a small part of the retina, and the other the greater 
part of its surface, the latter may, if long continued, ex- 
tend its influence ov^er the whole retina, so that the 
opposite less extensive impression is no longer perceived, 
and its place becomes occupied by the same sensation as 
the rest of the field of vision. Thus, if we fix the eye 
for some time’ upon a strip of coloured paper lying upon 
a white surface, the image of the coloured object, 
especially when it falls on the lateral parts of the retina, 
will gradually disappear, and the white surface be seen in 
its place. 

2. In the second class of phenomena, the affection of 
one part of the retina influences that of another part, not 
in such a manner as to obliterate it, but so as to cause it 
to become the contrast or opposite of itself. Thus a grey 
spot upon a white ground appears darker than the same 
tint of grey would do if it alone occupied the whole field 
of vision, and a shadow is always rendered deeper when 
the light which gives rise to it becomes more intense, 
owing to the greater contrast. The former phenomena 
ensue gradually, and only after the images have been 
long fixed on the retina ; the latter are instantaneous in 
their production, r.nd are permanent. 

In the same way, also, colours may be produced by con- 
trast. Thus, a very small dull-grey strip of paper, lying 
upon an extensive surface of any bright colour, does not 
appear grey, but has a faint tint of the colour which is the 
complement of that of the surrounding surface (see page 
66i). A strip of •grey paper upon a green field, for 
oxam]^e, often appears to have a tint of red, and when 
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lying upon a red surface, a greenish tint ; it has an orange** 
coloured tint upon a bright blue surface, and a blueish 
tint upon an orange-coloured surface ; a yellowish colour 
upon a bright violet, and a violet tint upon a bright 
yellow surface. The colour excited thus, as a contrast to 
the exciting colour, being wholly independent of any rays 
of the corresponding colour acting from without upon the 
retina, must arise as an opposite or antagonistic condition 
of that membrane ; and the opposite conditions of which 
the retina thus becomes the subject would seem to balance 
each other by their reciprocal reaction. A necessary con- 
dition for the production of the contrasted coloiirs is, that 
the part of the retina in w^hich the new colour is to be 
excited, shall be in a state of comparative repose ; hence 
the small object itself must be grey.. A second condition 
is, that the colour of the surrounding surface shall be very 
bright, that is, it shall contain much white light. 

The retina corresponding to the point of entrance of the 
optic nerve is completely insensible to the impressions of 
light. The phenomenon itself is very readily shown. If 
we direct ouo eye, the other being closed, upon a point at 
such a distance to the side of any object, that the image 
of the latter must fall upon the retina at the point of 
entrance of the optic nerve, this image is lost either 


instantaneously, or very soon. If, for example, we close 
the left eye, and direct the axis of the right eye steadily 
towards the circular spot here represented, while the page 
is held at a distance vof about six inches from the eye, 
both dQt and cross are visible. On gradually increasing the 
distance between the eye and the object, by removing 
the book farther and farther from the face, and still 
keeping the right eye steadily on the dot, it will be found 
that suddenly the cross disappearisr from view, while* on 
removing the book still faster, it suddenly comes in sight 
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again. The canse of this phenomenon is simply that the 
portion of retina which is occupied by the entrance of the 
optic nerve, is quite blind; and therefore that when it 
alone occupies the field of vision^ objects cease to be 
visible. ' 

Of the Simultaneous Action of the two Eyes, 

Although the sense of sight is exercised by two organs, > 
yet the impression of an object conveyed to the mind is 
single. Various theories have been advanced to account 
for this phenomenon. By Gall, it was supposed that we 
do not really employ both eyes simultaneously, in vision, 
but always see with only one at a time. This especial 
employment of one eye in vision certainly occurs in 
persons whose eyes are of very unequal focal distance, but 
in the majority of individuals both eyes are simultaneously 
in action in the perception of the same object; this is 
shown by the double images seen under certain conditions. 
If two fingers be held up before the eyes, one in front of 
the other, and vision be directed to the more distant, so 
that it is seen singly, the nearer will appear double; while, 
if the nearer one be regarded, tlie most distant will be 
seen double ; and one of the double images in each case 
will be found to belong to one eye, the other to the other 
eye. 

Single vision results only when certain parts of the two 
retinm are affected simultaneously; if different parts of 
the retina) receive the image of the object, it is seen 
double. The parts of the retina) in the two eyes which 
thus correspond to each other in the property of referring 
the images which affect them simultaneously to the same 
spot in the field of vision are, in man, just those parts 
which would correspond to each other, if one retina were 
placed exactly in front of, and over the other (as in 
1 88, c). Thus* the outer iateral portion of one eye 
^eorreeponds to, or, to use a better term, is identical with, 
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the inner portion of the other eye ; or a of the eye a (fig. 
1 88 ) with a* of the eye b. The upper part of one retina is 
also identical with the Vig, i88, 

upper part of the other ; 
and the lower parts of 
the two eyes are iden- 
tical with each other. 

This is proved by 
a single experiment. 

Pressure upon any part 
of the ball of the eye, so as to afPect the retina, produces 
a luminoi^ circle, seen at the opposite side of the field 
of vision to that on w^hich the pressure is’ made. If, now, 
in a dark room, we press with the finger at tlie upper part 
of one eye, and at the lower part of. the other, two lumi- 
nous circles are seen, one above the other ; so, also, two 
figures are seen when pressure is made simultaneously on 
the two outer or tlie two inner sides of both eyes. It is 
certain, therefore, that neither the? upper part of one 
retina and the lower part of the other are identical, nor 
the outer lateral parts of the two retinm, nor their inner 
lateral portions. But if pressure be made with the fingers 
upon both eyes simultaneously at their lower part, one 
luminous ring is seen at the middle of the upper part of 
the field of vision ; if the pressure bo applied to the upper 
part of both eyes, a single luminous circle is seen in the 
middle of the field of vision below. So, also, if we press 
upon the outer side a of the eye a, and upon the inner side 
a* of the eye n, a single spectrum is produced, and is a^). 
parent at the extreme right of the field of vision ; if upon 
the point b of one eye, end the point h' of the other, a 
single spectrum is seen to the extreme left. 

The spheres of the two retinae may, therefore, be re- 
garded as lying one over the other, as in c, fig. i88; so 
that the left portion of one eye lies bvbr the identical left 
portion of the other eye, the right portion of one eye over 
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the identical right portion of the other eye ; and with the 
upper and lower portions of the two eyes, a lies over a\ h 
over h% and c over c'. The points of the one retina inter- 
mediate between a and c, are again identical with the 
corresponding points of the other retina between a' and c' ; 
those between h and c of the one retina, with those 
between h' and c' of the other. In short, all other parts 
are non-identical : and, when they are excited to action, 
the effect is the same*as if the impressions were made on 
different parts of the same retina : and the double images 
belonging to the eyes a and b, are seen at .exactly the same 
distance from each other as exists between the, image of 
the eye a and the part of the retina of the eye a which 
corresponds to, or is identical with, the seat of the second 
image in the eye n j or, to return to the figure already 
used in illustration (fig. 1 88), if a of one eye be affected, 
and b* of the other, the distances of the two images a and b' 
will, inasmuch as a is identical with a', and b' with b, lie at 
exactly the same distance from each other as images pro- 
duced by impressions on the points ab of the one eye, or a 
V of the other. 

In application of these results to the phenomena of 
vision, if th;j position of the eyes with regard to a lumi- 
nous object be such that similar images of the same 
object fall on identical parts of the two retinae, as occurs 
when the axes meet in some one point, the object is seen 
single ; if otherwise, as in the various forms of squinting, 
t^ 0 images are formed, and double vision results. If the axes 
of the eyes, 4 and d (fig. 189), be so directed that they meet 
at a, an object at a will be seen singly, for the point a of the 
one retina, and a* of the other, are identical, if 

the object be so situated that its image falls in Ij^K Syes 
at the same distance icom the central point of the txetina, 
— ^namely, at b in the one eye, and at b' in the other , — ^ 
will be seen single, 'for it affects identical parts of; the two 
’V retih ' The same will apply to the object y'. 
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In quadrupeds, the relation between the identical and 
non-identical parts of the retinae cannot be the same as in 
man,* for the axes 
of their eyes gene- 
rally diverge, and 
can never bo made 
to meet in one point 
of an object. When 
an , animal regards 
an object situated 
directly in front of 
it, the image of the 
object must fall, in 
both eyes, on the 
outer portion of the 
retina). Thus the 
image of the object 
a (fig. 1 91) will fall at a' in one, and at a" in the other: and 
these points a and a" must be identical. So, also, for dis- 
tinct and single vision of objects, h or c, the points and //', 
or c' c", in the two retina), on which the images of those ob- 
jects fall, must be identical. All points of the retina in each 
eye which receive rays of light from lateral objects only, 
can have no corresponding identical points in the retina of 
tho other eye ; for otherwise two objects, one situated to 
the right and the other to the loft, would appear, to lie in 
tho same, spot of the field of vision. It is probable, there- 
fore, that there are, in the eyes of animals, parts of the 
retinso which are identical, and parts which are not iden- 
tical, Le., parts in one which have no corresponding partfii 
in tho! anther eye. And -the relation of the two retinse to 
each in the field of vision may be represented as in 
fig, 196. • 

The cause of the impressions on the identical points of 
the two retinse giving r^^ to but one sensation, and fhe 
perception of a single image, must either lie in the otruc- 


Fig, 189. 
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tural organization of the deeper or cerebral portion of the 
viBual apparatus, or be the result of a mental operation ; 
for in no other case is it the property of the corresponding 
nerves of the two sides of the body to refer their sensa- 
tions as one to one ispot. 

Fig, 190. ’ Pig* 19*- 




Many attempts have been made to explain this remark- 
able relation between the eyes, by referring it to anatomi- 
cal relation between the optic nerves, ' The circumstance 
of the inner portion of the fibres of the two optic nerves 
decussating at the commissure, and passing to the eye of 
the opposite side, while the outer portion of the fibres con- 
tinue their course to the eye of the same side, so that the 
left side of both retinae is formed from one root of the 
nerves, and the right side of both retinse from the other 
root, naturally lead to an attempt to explain the pheno- 
menon by this distribution of the fibres of tho^ nerves. 
And this explanation is favoured by cases in which the 
entire of one side of the retina, as far as the central point 
M both eyes, sometimes becomes insensible* But Muller 
eho^s the inadequateness of this theory to explain the 
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phenomenon, unless it be supposed that each fibre in each 
cerebral portion of the optic nerves divides in the optic 
commissure into two branches for the identical points of 
the two retina), as is shown in fig. 192. But there is no 
foundation for siich supposition. 

By another theory it is assumed that each optic nerve 
contains exactly the same number of fibres as the other, 
and that tho corresponding fibres of ‘the two nerves are 
united in the sensorium (as in fig. 193)' ^ 


Fig. 192 . 



Fig- 193 - 


Fig. 194 - 



theory no account is taken of the partial decussation of the 
fibres of the nerves in the optic commissure. 

According to a third theoiy, the fibres a and a\ fig. 194, 
coming from identical points of the two retinae, are in the 
optic commissure brought into one optic nerve, and in the 
brain either are united by a loop, or spring from the some 
point. The same disposition prevails in the case of the 
identical fibres h and h'. According to this theory, the 
left half of. each retina would be represented in the left 
hemisphere of the brain, and the right half of each retma 
in the right hemisphere# 

Another explanation is founded on the fact, that at the 
^anterior part of the commissure of <the, optic nerve, certain 
fibres pass across from the distal po^on of one nerve to 
the corresponding porticfa of the othbr nerves, as if they 
were (X}mmissural fibres Imning a coimeotion betw^n the 
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retina? of the two eyes. It is supposed, indeed, that those 
fibres may connect the corresponding parts of the two 
retinse, and may thus explain their unity of action ; in the 
same way that corresponding parts of the cerebral hemi- 
spheres are believed to be connected together by the com- 
missural fibres of the corpus callosum, ai^d so enabled to 
exercise unity of function. 

But, on the whole^ it is more probable, that the power 
of forming a single iclea of an object from a double im- 
pression conveyed by it to the eyes is the result of a mental 
act. This view is supported by the same facts as those 
employed by Professor Wheatstone to show that this power 
is subservient to the purpose of obtaining a right percep- 
tion of bodies raised in relief. When an object is placed 
' Fig. 195- 
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so near the eyes that to view it the optic axes must con- 
verge, a diflerent perspective projection of it is seen by 
ea(?h eye, these perspectives being more dissimilar as the 
convergence of the optic axes becomes greater. Thus, if 
any figure of three dimensions, an outline cube, for ex- 
ample, be held at a moderate distance before the eyes, 
and viewed with each eye successively, while the head is 
kept perfectly steady, a (fig. 195) •will be the picture pre- 
sented to the right eye, and 3 that seen by the left ^ye. 
Mr. Wheatstone h|^ •shown that this circumstance 
dV^nds in a great measure our conviction of the> solidity 
, dn object, or of Its projection in relief. If different 
perspective drawings of a solid body, ^ representing the 
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image seen by "the right eye, the other that seen by the 
left (for example, tlie drawing of a cube a, b, fig. 195), be 
presented to corresponding parts of the two retinas, as 
may be readily done by means of the stereoscope^ an instru- 
ment invented by Professor Wheatstone for the purpose, 
the mind will perceive not merely a single representation 
of the object, but a body projecting in relief, the exact 
counterpart of that from which the drawings were made. 


SENSE or HEAllTNC. 

* Anatomy of the Organ of Hearing, 

For descriptive purposes, the ear, or organ of hearing, 
is divided into three parts, the external, the middle, and the 
internal ear. The two first are only accessory to the third 
or internal ear, which contains the essential parts of an 
organ of hearing. The accompany- 
ing figure shows very well the 
relation of these divisions, — one to 
the other (fig. 196), 

The external ear consists of the 
pinna or auricle, and the external 
auditory canal or meatus. The prin- 
cipal parts of the pinna are two 
prominent rims enclosed one within 
tlae other (Jielix and antihelix), and 
enclosing a central hollow named 
the concha ; • in front of the concha, 
a prominence directed backwards; 
the tmy^i and opposite to this, one 
directed forwards, the arntUragus, From the concha, the 

* Fig. 196. Outer surface oi the pinna of tho right auricle. i, 
helix ; 2, fossa of the helix 5^, 3, antihelix ;*4,* fbsi^ of the antiheUx ; 

5, antitragiis ; 6, tn^| 7, fitmcha ; 8, lobule. 

' ‘ 
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auditory cana^ with ^ slight arch directed \[p wards, passes 
inwards and a little forwards to the membrau£ tympani, 

Pig. 197.* 
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to which it thus serves to convoy the vibrating air. Its 

1' « 

»» 

* Fig. 197., Diagrammatic view fix)in before of the parts composing 
tha organ of hearing of tlio left side (after Arnold). — The temporal bone 
of tlie left side, with the accompanying soft parts, )ias been detached 
from the head, and a section has been carried through it transversely, so 
ns to remove the front of the meatus externus, half the tympanic mem- 
brane, the upper and anterior wall of the tympanum and Eustachian 
tube. The meatus intemus has also been oj^ened, and the bonylabyriuth 
cx]:)osed by the removal of the surrounding parts of the i^trous hone. 
I, the pinna and lob|; 2, 2', meatus externus; 2 \ memf>rana tympani;,, 
3, cavity of the tymptoum ; 3', its opening backwards into the mastoid 
c.ells ; between 3 the chain of smhll bones ; 4, Enstacl^sn tube ; 

5, meatus ^temus containing the facial (uppexmoet) and the auditory 
nerves; 6, plaeed on vestibule of the Ipyrinth above the fenestra 
: a, ape^of the petrous bone ; 6, inte&l carotid artery; c, styloid 
pil^^ess ; d, facial nerv^ issuing fron^the stylo-mastoid foramen ; ^ 
mastoid process ; j^^uamous port of the b^e covered by integument, 
etc. ^ ^ ^ . 
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outey part consists of ,fibro-cartilage continued, from the 
concha ; its inner part of bone. Both are lined by skin 
continuous with that of the pinna, and Extending over the 
outer part of the memhrana {ympani. .Towards the" outer 
part of tihe canal are fine hairs and sebaceoi^ :glands, 
while deeper in the canal are small glands, resembling 
the sweat-glands in structure, which secrete a peculiar 
yellow substance called cerumen, or ear-wax. 

The middle ear, ov tympanum (3, fig. 197) is separated by 
-the memhrana tympani from the external liuditory canal. 

It is a cavity in the temporal bone, opening' thfrough its 
ahteirior alid inner wall into the Eustachian tube, a 
cylindriform flattened canal, dilated at both ends, com- 
posed partly of bone and partly of cartilage, lined with 
mucous membrane, and forming a communi^jation between 
the tympanum and the pharynx. It 'opens into the cavity ' 

of the pharynx just behind the posterior aperture of the 
no&trils. llie cavity of the tymimnum communicates 
posteriorly with air-cavities, the mastoid cells in the! mas- 
toid process of the temporal bone; but its only opening 
to the external afr is through the Eustachian tube (4, fig, 
197). The walls.,* of the tympanum are osseous, except 
where ^apertures in them are closed with membrane, as at 
Ihe fenestra rotunda, and fenestra ovalis, and at the outer 
part where the bone is replaced by the * memhrana tympani. 
The cavity of the tympanum is lined with mucous mem- 
brane, the epithelium of which is ciliated and continuous 
with that of the pharynx. It contains a chain of small 
hones (pssUsuld auditus), which extends fro;Biitlie membrana 
tympani to the fenestra ovalis. 

The mmnbrana tympani is placed in a sitting direction 
at the bottom of the external audit^ry^ canal, ill plane 
being at an angle of about 45® with the lower wall of '' 
. It'is formed cMefly*of a tough* and tense filbroil^ 
membrane, fhe edges ^ which are set in ^bony groove ; 

^ its outer surface is eevered^ with a oontimmtion of the 
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cutaneous lining of the auditory canal, its inner surface 
with part of the ciliated mucous membrane bf the tym- 
panum. 

The small bones or ossichs of the ear are three, named 
malleus f incus, and stapes. The malleus, or hammer-bone, is 
attached by a long slightly-curved process, called its 
handle, to the membrana tympani ; the line of attach- 
ment being vertical^, including the whole length of the 
handle, and extending from the upper border to the centre 
of the membrane. The head of the malleus is irregularly 
rounded ; ^its neck, or the line of boundary between it and 
the handle, supports two processes ; a short ccnical one, 
which receives the insertion of the tensor tyifnp>ani, and a 
slender one, processus gracilis, which extends forwards, and 
to which the laxator tympani muscle is attached. The incus, 
or anvil-bone, shaped like a bicuspid molar tooth, is 
articulated by its broader part, corresponding with the 
surface of the crown of a tooth, to the malleus. Of its 
two fang-like processes, one, directed backwards, has a 
free end, the other, curved downwards and more pointed, 
articulates by means of a roundish tubercle, formerly 
called os orbiculare, with the stapes, a little bone shaped 
exactly like a stirrup, of which the base or bar fits into 
the fenestra ovalis. To the neck of the stapes, a short 
process, corresponding with the loop of the stirrup, is 
attached the stapedim muscle. 

The bones of the ear are covered with mucous mem- 
brane reflected over them from the wall of the tympanum ; 
and are moveable both altogether and one upon the other. 
The malleus motes and vibrates with evexy movement and 
vibi^tion of thej^membrana tympani, and its movements 
axe communicated through the incus to the stapes, and 
through it to the nTembrane closing the fenestra ovalis. 
T^e m^eus, also, is moveable in its articulation with the 
‘IScus; and the membrana tympaki moving with it is 
iltercd in Its de^e of tension by laxator and tensor 
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tympani muscles. The stapes is moveable on the process 
of the incus^ when thh stapedius muscle acting draws it 
backwards. - 

The proper organ of hearing is formed by the distribu- 
tion of the auditory nerve within the internal ear, or 
labyrinth of the ear, a set of cavities within the petrous 
portion of the temporal bone. The bone which forms the 
walls of these cavities is denser than* that around it, and ' 


Fifj. 198.* Fig. i99.t 



* Fig. 198. higlit bony labyiinth, viewed from the outer side (after 
Som memng). — The specimen here represented is prepared by sepa- 

rating piecemeal the looser substance of the petrous bone from the dense 
walls w'hich immediately enclose the labyrinth, i, the vestibule ; 2, 
fenestra ovalis ; 3 , superior semicircular canal ; 4, horizontal or external 
canal ; 5, posterior canal ; *, ampoUae of the semicircular canals ; 6, 
first turn of the cochlea ; 7, second turn ; 8, apex ; 9, fenestra rotimda. 
The smaller figure in outline below shows the natural size. 

t Fig. 199. View of the interior of the left labyrinth (from Sommer- 
ring). — The bony wall of the labyrinth is renibved superiorly and 

externally, i, fovea hemielliptica ; 2, fovea hemispherica ; 3, common 
opening of tho superior. and posterior semiftrcTilar canals ; 4, opening 
of the aqueduct of the vestibule ; 5, tho superior, 6, th^ po^erior, and 
7, the external semicircultg can^s ; 8, spiral tube of the cochlea (sdala 
tympani) ; 9, opening of ttr^queduct of the cochtea ; 10, placed on 
the lamina spiralis in thc^ala vestilv.di, * 


X X 2 



f 676 THE SENSE OF^ HEARING. 

forms the osseous labyrinth; the membrane within the 
cavities forms the membranous labyrinth. The membranous 
labyrinth contains a fluid called endolymph ; while outside 
it, between it and the osseous labyrinth, is a fluid called 
perilymph (see p. 678). 

The osseous labyrinth consists of three principal parts, 
namely, the vestibule^ tlie cochlea, and the semicircular canals. 
The vestibule is the middle cavity of the labyrinth, and the 
central organ of the whole auditory apparatus. It presents, 
in its inner wall, several openings for the entrance of the 
divisions qf the auditory nerve; in its outer wall, fenestra 
ovalis (2, fig. 198), an opening filled by the base ofothe stapes, 
one of the small bones of the car; in its posterior and 
superior walls, five openings by which the semicircular 
canals communicate w'ith it: in its anterior w^all, an open- 
ing leading into the cochlea. The hinder part of the inner 
wall of the vestibule also presents an opening, the orifice 
of the aquaductus vestibuli, a canal leading to the posterior 
margin of the petrous bone, with uncertain contents and 
unknown purpose. ^ 

The semicircular canals (figs. 1 98!; 1 99) are three arched 
cylindriform bony canals, set in the substance of the petrous 
bone. Th«‘)y all open at both ends into the vestibule (two of 
them first coalescing). The ends of each are dilated just 
before opening into the vestibule; and one end of each being 
more dilated than the other is called an ampndla. Two of 
the ccmals form nearly vertical arches ; of these the superior 
is also aifletior ; the posterior is inferior ; tlie itl]Lird canal 
is horizontal, and lower and shorter than the etherfi. 

Th^ (6, 7, 8, fig. 198, and fig. acx)), a sipall 

01^^, shaped like a common' snail-shell, is seated in 
front' pi the vestibule, its base jesting on tlie bottom 
of the internal meatuEl*, where some apertures transmit to 
it'|he cochlear filaments of the auditory nerv^& In its 
axis, the cochlea is traversed by a conical cbitunn, the 
modiolus, around which a spdral winds with about two 
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turns and a half from the base to the apex. At the apex 
of the cochlea the canal is closed ; at the base it presents 
three openings, of which 
one, already mentioned, 

(joramunicates with the ves- 
tibule ; another, called fe- 
nestra rotundaf is separated 
by a membrane from the 
cavity of the tympanum; 
the third is the orifice of 
the aqumductm cochlea:, a 
canal leading to the jugular fossa of the, petrous bone, and 
corresponding, at least in obscurity of purpose and origin, 
to the aquooductus vestibuli. Th6> spiral canal is divided into 
two passages, or scalm, by a partition'of bone and membrane, 
the lamina spiralis. The osseous part or zone of this lamina 
is connected with the modiolus; the membranous part, 
with a muscular zone, according to Todd and Bowman, 
forming its outer margin, is attached to the outer wall of 
the canal. Commencing at the base of the coclilea, be- 
tween its vestibular and tympanic openings, they form a 
partition between these apertures; the two seals© are, 
tlierefore, in correspondence with this arrangement, named 
scala vestibtili and scala tympani. At the apex of the cochlea 
the lamina spiralis ends in a small hamtdits, the inner and 
concave part of which, being detached from the summit of 
the modiolus, leaves a small aperture named hdicotrema, by 
which the two seals©, separated in all the rest of their 
length, communicate. 

Besides the dcala vestibuli and scala tympani, there is a third 
space between them, in*the substance of the lamina spiralis, 
called the scala media, or canalis memhranacea, and in this are 

* Fig* 900, View of the osseous coclJea divided tteougl^ the middle 
(from Arnold). — i, central canal of the modiolus ; 2, lamina s^)iTali8 
ossea ; 3, scnla tympani ; 4, scala vestibuli ; 5, porous substance of the 
modiolus near one of the sections the canalis spiralis modiedi. 
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some peculiar club-shaped littlebodies called the rods of Corti, 
setup on end, with their big* extremities up wards, and leaning- 
against each other at the top — a section, therefore, having 
the appearance of the gable-end of a house. On their 
outer part are numerous cells of various shapes. The 
regularity with which the little rods of Corti are arranged 
has caused them to be compared to rows of keys in a piano. 

In close relation wijh these rods and the cells outside 
them, and probably projecting also by free ends into the 
little triangular canal containing fluid which is between 
the rods, are filaments of the auditory nerve. 

The membranous labyrinth corresponds generally"with the 
form of the osseous labyrinth, so far as regards the vesti- 
bule and semicircular canals, but is separated from the 
walls of these parts by fluid, except where the nerves enter 
into connection within it. In the cochlea, the membranous 
labyrinth completes the septum between the two scala, and 
encloses a separate spiral canal, the canalis mmnhranacea. 
As already mentioned, the membranous labyrinth contains 
a fluid called endolymph ; and between its outer surface and 
the inner surface of the walls of the vestibule and semi- 
circular canals is another collection of similar fluid, called 
perilymph : so that all the sonorous vibrations impressing 
the auditory nerves on these parts of the internal ear aro 
conducted through fluid to a membrane suspended in and 
containing fluid. The fluid in the sceda of the cochlea 
is continuous with the perilymph in tlie vestibule and 
semicircuUir canals, and there is no fluid external to its 
lining membrane. 

The vestibular portion of the membrahous labyrinth 
comprises two, probably communicating cavities, of which 
the larger and upper is named the nirkulus ; the lower, the 
saecvdus. Into f|ie former open the orifices of the mem- 
branous semicircular canals,* into the latter canalis 
mmhrmacea of the cochlea. The membranous labyrinth 
of all these parts is laminated, transparent, very vascular, 
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and covered on the inner surface with nucleated cells, of 
which those that line the ampullae are prolonged into stiff 
hair-like processes ; the same appearance, but to a much 
less degree, being visible in the utricle and saccule. In the 
cavities of the utriculus and sacoulus are small masses of 
calcareous particles, otoconia or otolithes ; and the same, 
although in more minute quantities, are to be found in the 
interior of other parts of the membranous labyrinth. 

The audiioi'y nerve, for the appropriate exposure of 
whose filaments to *sonorou8 vibrations all the orgaCns now 
described are provided, is characterised as a nerve of 
special sense by its softness (whence it derived its name 
oiportio mollis oi the seventh pair), and by the fineness of 
its component fibres. It enters the labyrinth of the ear 
in two divisions ; one for the vestibule and semicircular 
canals, and the other for the cochlea. ' The branches for 
the vestibule spread out and radiate on the inner surface 
of the membranous labyrinth ; their exact determination is 
unknown. Those for the semicircular canals pass into the 
ampulla), and form, within each of them, a forked projec- 
tion which corresponds with a septum in the interior of 
the ampulla. The branches of the cochlea enter it through 
orifices at the base of the modiolus, which they ascend, and 
thence successively pass into canals in the osseous j)art 
of the lamina spiralis. In the canals of this osseous part 
or zone, the nerves are arranged in a plexus, containing 
ganglion cells. Their ultimate termination is not known 
with certainty ; but some of them, without doubt, end in 
the organ of Corti, probably in cells. 

T Fhysiplogy of Hearing, 

The acoustic portion of the physiology of hearing is thus 
illustrated by Muller : chiefly in applications of the results 
of his experiments on the conduction of sonorous vibra- 
tions through various combinations* oT air, water, andtolid 
substances, especially membrane. ^ 
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All the acoustic contrivances of the organ of hearing are 
means for conducting the sound, just "as the optical appa- 
ratus of the eye are media for conducting the light. Since 
all matter is capable of propagating, sonorous vibrations, 
the simplest conditions must be sufEcient for mere hear- 
ing; for all substances surrounding the auditory nerve 
would communicate sound to it. In the eye a certain 
construction was required for directing the rays or undula- 
tions of light in such a manner that they should fall upon 
the optic nerve with the same relative disposition us that 
with which tliey issued from the object. In the sense of 
hearing this is not requisite. Sonorous vibrations, having 
the most various direction and the most unequal rate of 
succession, are transmitted by all media without modifica- 
tion, however manifold their decussations ; and, 'wherever 
tliese vibrations or rindulations fall upon the organ of 
hearing and the auditory nerves, they must cause the 
sensation of corresponding sounds. The whole develop- 
ment of the organ of hearing, therefore, can have for its 
object merely the rendering more perfect the propagation of 
the sonorous vibrations, and tlieir multiplication by re- 
sonance; and, in fact, all the acoustic apparatus of tho organ 
may be shown to have reference to these two principles. 

Functions of the External Ear. 

The external auditory passage influences the propaga- 
tion of sound to the tympanum in three ■ways: — i, by 
causing the sonorous undulations, entering directly from 
the atmo8phere;^^ to be transmitted fcy the air iu,the passage 
immediately to the membrana tympani, .and thus pre- 
venting them from being dispersed ; 2, by the walls of th e 
pasy ge conducting the sonorous und cdations imparted to 
the external e^r itself, tby the shortest path to the attach- 
of the membrana tympani, and so to this membrane ; 
3» the reson ance bf • the column of a^ir contained witbin 

ihe parage. 
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• 

As a Conductor of undulations of nir, tlio external 
auditory passage receives the direct undulations of the 
atmosphere^ of which those that enter in the direction of 
its axis produce the strongest impressions. The undula- 
tions which enter the passage ohliqufly are reflected b}'' 
its parietes, and thus by reflexion reach the membrana 
tympani. By reflexion, also, the external meatus receives 
the undulations which impinge upon the concha of the 
external ear, when their angle of reflexion is such that 
they are thrown towards the tragus. Other . sonorous 
undulations, again, which could not enter the meatus from 
the external air either directly or by reflexion, may still bo 
brought into it by inflexion; undulations, for instance, 
whose direction is that of the long axis of the head, and 
which pass over the surface of the* ear, must, in accord- 
ance with the laws of inflexion, be bent into the external 
meatus by its margins. But the action of those undula- 
tions which enter the meatus directly are most intense ; and 
hence we are enabled to judge of 'the point whence sound 
(monies, by turning one ear in dillerent directions, till it is 
directed to the point -whence the vibrations may pass directly 
into the meatus, and produce the strongest impressions. 

The walls of the meatus are also solid conductors ofj 
sound ; for those vibrations which are communicated to 5 
the cartilage of the external ear, and not reflected from it, 
are i)ropagated by the shortest i)ath through the parietes of 
the passage to the membrana tympani. Hence, both ears, 
being close stopped, the sound of a pipe is heard mprQ . dis- 
tinctly when, its lower extremity, covered with a membrane, 
is applied to the* cartilage of the external ear itself, than 
when it is placed in contact with the surface of the head. 

Lastly, the external auditory passage is important, inas- 
much as the air which it contains, like all insulated masses 
of air, increases the intqjpisity of sounds by resonance. 
To convince ourselves of ^ this, we need only lengthen *the 
l>assago by affixing to it anotbi^T* tube : every sound that is 
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heard, even the sound of our own voice, is then much 
increased in intensity. * ^ " 

The action of the cartilage of the external ear upon' 
sonorous vibrations is partly to reflect them, and partly to 
c ondense and conduct ^tKei^^tQ th e p arietes.. pf the external 
passage. With respect to its reflecting action, the concha 
is the most important part, since it directs the reflected 
i undulations towards ^the tragus, whence they are reflected 
into the auditory passage. The other inequalities of the 
external ear do not promote hearing by reflexion ; and, if, 
the conducting power of the cartilage of the ear were left 
out of consideration, they might be regarded as destined 
for no particular use ; but receiving the impulses of the 
air, the cartilage “of the external ear, while it reflects a 
part of them, propagpates within itself and condenses the 
rest, as all other solid and elastic bodies would do. Thus, 
the sonorous vibrations which it receives by an extended 
surface, are conducted by it to its place of attachment. 
In consequence of the connection of the parietes of the 
auditory passage with the solid parts of the whole head, 
some dispersion of the undulations will result ; but the 
points of attachment of the inembrana tympani will receive 
them by the shortest path, and will as certainly com- 
municate them to that membrane, as the solid sides of a 
drum communicate sonorous undulations to the parchment 
head, or the bridge of a musical string, its vibrations to 
the string. 

Regarding the cartilage of the external ear, therefore, 
as a conductor of sonorous vibrations, all its* inequalities, 
elevations, and depressions, which are useless with regard 
to reflexion, become of evident importance ; for those 
elevations and depressions upon which the undulations 
fall perpendicularly, ♦ill be affected by them in the most 
intense degree ; and, in consequence of the various form 
anA position of these inequalities, sonorous undulations, 
in whatever direction they may con^e, must fall 
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dicularly upon the tangent of some one of them. This 
affords an explanation of the extraordinary form given to 
this part. 

Functions of the Middle Ear : the TyniiJanimiy Ossicular and 
Fenestreo. 

In animals living in the atmosphere, the sonorous vibra- 
tions are conve3’ed to the auditory nerve by three different 
media in succession ; namely, the air^ the solid parts of the 
body of tlie animal and of the auditory appara,tuB, and ■ 
the fluid of the labyrinth. ’ 

Sonorous vibrations are imparted too imperfectly from 
air to solid bodies, for the propagation of sound to the 
internal ear to be adequately effected by that means alone ; 
3’et already an instance of its being 4hus propagated has 
been mentioned. 

In passing from air directly into water, sonorous vibra- 
tions suffer also a considerable diminution of their strength ; 
but if a tense membrane exists between the air and the 
water, the sonorous vibrations are communicated from the 
former to the latter medium with very great intensit3\ 
This fact, of which Aliiller gives experimental proof, 
furnishes at once an explanation of the use of the fenestra 
rotunda, and of the membrane closing it. They are the 
means of communicating, in full intensity, the vibrations 
of the air in the tympanum to the fluid of the labyrinth. 
This peculiar property of membranes is the result, not of 
their tenuity alone, but of the elasticity and capability of 
displacement , of their particles; and it is not impaired 
when, like the membrane of the fenestra rotunda, they are 
not impregnated with moisture. 

Sonorous vibrations are also communicated without any 
perceptible loss of intensity from the ait to the water, 
when to the membrane fencing the medium of communi- 
cation, there is attached %ehort, solid body, which occupies 
the greater part of its surface, and is alone in contact 
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with the water. This fact elucidates the action of the 
fenestra ovalis, and of tho plate of the stapes which 
occupies it, and, with the preceding fact, shows that both 
fenestrro — that closed by membrane only, and that with 
which the moveable stapes is connected — transmit very 
freely the sonorous vibrations from the air to the fluid of 
the labyrinth. 

A small, solid body, fixed in an opening by means of a 
border of membrane, so as to be moveable, communicates 
sonorous vibrations from air on the one side, to water, or 
the fluid of the labyrinth, on the other side, much better 
than solid media not so constructed. But the propagation 
of sound to tlie fluid is rendered much more perfect if the 
solid conductor thus occupying the opening, or fenestra 
ovalis, is by its other end fixed to the middle of a tense 
membrane, wliich has atmospheric air on both sides. 

A tense membrane is a much better conductor of the 
vibrations of air than any other solid body bounded by 
definite surfaces: and the vibrations are also communi- 
cated veiy readily by tense membranes to solid bodies in 
contact with them. Thus, then, the membrana tympaui 
serves for tlie transmission of sound from the air to the 
Chain of uuditoiy bones. Stretched tightly in its osseous 
ring, it vibrates with the air in the auditory passage, as 
any thin tense membrane will when the air near it is 
thrown into vibrations by the sounding of a tuning-'fork 
or a musical string. And, from such a tense vibrating 
membtane, the vibrations are communicated with great 
intensity to solid bodies which touch it at any point. If, 
for example, one end of a flat piece of wbod, be applied to 
the membrane of a drum while* the other end is* held in 
the himd, vibratioiis are iblt distinctly when the vibrating 
tmiing-fork <Jver the membrane without touching 

it; but the Wood alone, isolated from the membrane, will 
otiy very feebly propagate the vibrations of the air to the 
hanA 
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The ossicula of the ear, vhich are represented in this 
experiment by a piece of wood, are the better conductors 
of the sonorous vibrations communicated to them, on 
account of being isolated by an atmosphere of air, and not 
continuous with the bones of the craniuhi ; for every solid 
body thus isolated by a different medium propagates 
vibrations with more intensity through its own substance 
than it communicates them to the surrounding medium, 
which thus prevents a dispersion of the sound ; just as 
the vibrations of the air in the tubes used for conducting 
the voice from one apartment to another are prevented from 
being dispersed by the solid walls of the tube. The 
vibrations of the membrana tympani are transmitted, 
therefore, by the chain of ossicula to the fenestra ovalis 
and fluid of the labyrinth, their dispeusion in the tympanum 
being prevented by the difficulty of the transition of 
vibrations from solid to gaseous bodies. Tlie membrana 
tymi)aai being a tense, solid body, bounded by free sur- 
faces, the sonorous undulations will *be partially reflected 
at its surfaces, so as to cause a meeting of undulations 
from opposite directions within it ; it will, therefore, b}'- 
resonance, increase the intensity of the vibrations commu- 
nicated to it, and tlie undulations, thus rendered more 
intense, will act, in their turn, upon the chain of auditory 
bones. 

The necessity of the presence of air on the inner side 
of the membrana tympani, in order to enable it and the 
ossicula auditus to fulfil the objects just descrij)ed, is 
obvious. Without this provision,- neither would the vibra- 
tions of the membrane be free, noiflR’e chain of bones 
isolated, so as to propagate the sonorous undulations with 
concentration of their intensity. But while the oscilla- 
tions of the membrana tympani ar€?read|Jy communicated 
to' the air in the cavity pf the tympanum^ those of the 
solid ossicula will not be conducted away by the air, *but 
will be propagated to the labyrinth without being dispersed 
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in the tympanum. Equally necessary is the communica- 
tion of the air in the tympanum with the external air, 
through the medium of the Eustachian tube, for the main- 
tenance of the equilibrium of pressure and temperature 
between them. 

The propagation of sound through the ossicula of the 
tympanum to the labyrinth must be effected either by 
oscillations of the bqnes, or by a kind of molecular vibra- 
tion of their particldb, or, most probably, by both these 
kinds of motion.* 

The long process of the malleus receives the undulations 
of the membrana tympani(fig. 201, 
a, a) and of the air in a direction 
indicated by the arrows, nearly per- 
« pendicular to itself. From the long 
process of the malleus they are 
propagated to its head (h) ; thence 
into the incus (c), the long process 
* of which is parallel with the long 
process of the malleus. From the 
long process of the incus the undu- 
lations are commiinicated to the 
stapes (c^), which is united to the 
incus at right angles. The several 
changes in the direction of the chain 
of bones have, however, no influence on that of the undu- 
lations, which remains the same as it was in the meatus 
extemus and long process of the malleus, so that the undu- 
lations are communicated by the stapes to the fenestra 
ovalis in a perpendicular direction. 


201 . 



* Edouard Weber bas shown that the existence of the membrane over 
the fenestra rotunda will peijnit approximation and removal pf the ibtapes 
to and from the labyHnth. When by the stapes the membrane pf the 
fenestm ovalis is pressed^ towards the kibyrinth, the membrane of the 
f^QStra rotunda may, by the pressure communicated throng tlm fluid 
oftho labyrinth, be pressed towards the cavity^ of the tympanum. 
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Increasing tension of the membrana tympani diminishes 
the facility of transition of sonorous undulations from the 
air to it. Mr, Savart observed tliat the dry membrana 
tympani, on the approach of a body emitting a loud sound, 
rejected particles of sand strewn upon it more strongly 
when lax than when very tense ; and inferred, therefore, 
that hearing is rendered less acute by increasing the ten- 
sion of the membrana tympani. l^tuller has confirmed 
this by experiments with small membranes ari'anged so 
as to imitate the membrana tympani ; and it may be con- 
firmed also by observations''on one’s self. For the mem- 
brana t3nnpani on one’s own person may be rendered tense 
at will in two ways, namely, by a strong and continued 
effort of expiration or of inspiration while the mouth and 
nostrils are closed. In the first ease, the compressed air 
is forced with a whizzing sound into the tympanum, the 
membrana tympani is made tense, and immediately hear- 
ing becomes indistinct. The same temporary imperfection 
of hearing is produced by rendering* the membrana tyni- 
pani tense, and convex towards the interior, by the effort 
of inspiration. The imperfection of hearing, produced by 
the last-mentioned method, may continue for a time even 
after the mouth is opened, in consequence of the previous 
effort at inspiration having induced collapse of the walls 
of the Eustachian tube,' which prevents the restoration of 
equilibrium of pressure between the air within the tym- 
panum and that without : hence we have the opportunity 
of observing that even our own voice is heard with less 
intensity when the tension of the membrana tympani is 
great. 

If the pressurie of the external air or atmosphere be 
very great, while on account of collapse of the walls of 
the Eustachiaii tube, the air in the interior of the tym- 
panum fails to exert an eqyial counter-pressure, the mem- 
brana t^pani will of course be’fdrced inwards, tod 
imper&ct deafness be produced.. Thus it may be explained 
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why, in a diving-bell, voices sound faintly. In all cases, 
the effect of the increased tension of the merabrana tym- 
l)ani is not to render both grave and acute sounds equally 
fainter than before. On the contrary, as observed by Dr, 
Wollaston, the incrfeased tension of the membrana tympani, 
produced by exliausting the cavity of the t 3 rmpanuin, makes 
one deaf to grave sounds only. 

The principal offioe of the Eustachian tube, in Muller’s 
- ] opinion, has relation Jo the prevention of these effects of 
^4 increased tensipn of the membrana tympani. Its exis^tence 
’ anS openness will provide for the maintenance of the 
equilibrium between the air within the tympanum and 
the external air, so as to prevent the inordinate tension 
of the membrana t^^mpani which would be produced by 
too great or too little pressure on either side. While dis- 
charging this office, however, it will servo tajcgadfir aojuids 
I c learer , as (Honle suggests) thejlUpertures in violins do ; to. 
supply the tympanum with air ; and tp^ be an out letj fqr 
mucus : and the ill* effects of its obstruction may l)e 
referred to the hindrance of all these its offices, as well as 
of that one ascribed to it as its principal use. 

The influence of the tensor tympani muscle in modifying 
hearing m.iy also be probably explained in connection 
with the regulation of the tension of the membrana tym- 
pani. If, through reflex nervous action, it can be excited 
to contraction by a very loud sound, just as the iris and 
orbicularis palpebrarum muscle are by a very intense 
light, then it is manifest that a very intense sound would, 
through the action of this muscle, induce a deafening or 
muffling of the ears. In favour of this^ supposition we 
have the fact that a loud sound excites, by reflexion, 
nervous action, -v^inking of the eyelids, and, in persons of 
irritable nervdus system, a sudden contraction of many 
muscles. ^ 

7he influence of* the stapedius muscle in hiring is 
unknown. It acts upon the stapes in^such a manner as to 
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make it rest obliquely in the fenestra oyalis, depressing 
that side of it on which it^ acts, and elevating the other sido 
to the same extent. 

When the fenestra ovalis and fenestra rotunda exist 
together with a tympanum, the sound is' transmitted to the 
fluid of the internal ear in two ways, — ^namely, by solid 
bodies and by membrane; by both of which conducting 
media sonorous vibrations are communicated to water with 
considerable intensity. The sound being conducted to the 
labyrinth by two paths, will, of course, produce so much 
the stronger impression; for undulations will ^ be thus 
excited in* the fluid of the labyrinth from two different 
though contiguous points; and by the crossing of these 
undulations stationaiy waves of increased intensity wiU 
be produced in the fluid. Muller’s experiments show that 
the same vibrations of the air act upon the fluid of the 
Idbyrinth with much greater intensity through the medium 
of the chain of auditory bones and the fenestra ovalis 
than through the medium of the air of the tympanum 
and the membrane closing the fenestra rotunda : but the 
cases of disease in which the ossicula have been lost with- 
out loss of hearing, prove that sound may also be well 
conducted through the air of the tympanum and the mem- 
brane of the fenestra rotunda. 


Functions of the Lahyrbith, 


The fluid of the lahyrinih^ the most general and constant 
of the acoustic provisions of the labyrinth. In all forms 
of organs of hearing, the sonorous vibrations affect 
the auditory nerve through the medium of liquid— -the 
most convenient medium^ on many accounts^ for such a 
purpose. * , 


The function usually ascribed to the amuU is 

the poU^ng in their flu&|^,nontentS| HiSo sono^^ unda&<- 
tions the bones of theSaiffu^^ 
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also, in aoine degree, ihe power of conducting sounds in 
the direct^>n of their curved cavities more easily than the 
sounds are carried off by the surrounding hard parts in 
the original direction of the undulations, though this con- 
ducting power is in them much less perfect than in tubes 
containing air. 

Admitting that they have these powers, the increased 
intensify of the sonorous vibrations thus attained will be 
of advantage in acting on the auditory nerve where it is 
expanded in the ampulla) of the canals, and in the utri- 
culus. IVhere the membranous canals are in contact with 
the solid parietes of the tubes, this action must* be much 
more intense. But the membranous semicircular canals 
must have a function independent of the surrounding hard 
parts,* for in the Petromyzon they are not separately 
enclosed in solid substance, but lie in one common cavity 
with the utriculus. 

The crystalline pulverulent masses in the labyrinth would 
reinforce the sonorous vibrations by their ^resonance, even 
if they did not actually touch the membranes upon which 
the nerves are expanded ; but, inasmuch as these bodies 
lie in contact with the membranous parts of the labyrinth, 
and the vestibular nerve-fibres are imbedded in them, they 
communicate to these membranes and the nerves vibratory 
impulses of greater intensify than the fluid of ihe labyrinth 
can impart. This appears to be the office of the otoconia. 
Sonorous undulations in water are not perceived by the 
hand itself immersed in the water, but are felt distinctly 
through the medium of a rod held in the hand. The fine 
hair-like prolongations from the epithdial cells of the 
ampialho have, probably, the sarnie function. : 

The seems, to be constructed for the spreading out 
of the neirve-fi|)res ovftr a wide extent of surface, upon a 
• kmina which communicates with the solid walls of 
w labyrinth and cranium, at the same time that it is in 
oontact with the fluid of the lab;^% and whi<^ besides 
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exposing the nerve-fibres to the influence of sonorous 
undulations by two media, is itself insulated )>y fluid on 
either side. 

The connection of the lamina spiralis with the solid 
walls of the labyrinth, adapts the coc^ilea for the percep-^ 
tion of the sonorous undulations propagated by the solid; 
parts of the head and the walls of the labyrinth. The 
membranous labyrinth of the vestibule and semicircular i 
canals is suspended free in the perilymph, and is destined 
more particularly for the perception of sounds through the « 
medium of that fluid, whether the sonorous ijndulations 
be imparted to the fluid through the fenestrco, or by the 
intervention of the cranial bones, as when sounding bodies 
are brought into communication with the head or teeth. 
The spiral lamina on which the zfervous fibres are ex- 
panded in the cochlea, is, on the contrary, continuous with 
the solid walls of the labyrinth, and receives directly from 
them the impulses which they transmit. This is an 
important advantage ; for the impulses imparted by solid 
bodies, have, caterk paribus, a greater absolute intensify 
than those communicated by water. And, even when a 
sound is excited in the water, the sonorous undulations 
are more intense in the water near the surface of the 
vessel containing it, than in other parts of the water 
equally distant from the point of origin of the sound ; thus 
we may conclude that, cmtens paribus, the sonorous undula^ ^ 
tions of solid bodies act with greater intensify than those 
of water. Hence we perceive at once an impottant use of 
the cochlea. • 

This is not, however, the sole office of the cochlea ; the 
spiral laxnina, as well * as the membranous labyrinth, 
receives sonorous impulses through the medium of the 
fluid of the labyrinth from the oavify of the vestibule; and 
from the fenestra rotunda. « The lamina spiralis is, indeed, 
much better calculated to^^nder the fi^on of these undu- 
lations upon the aujlitoiy nerve effirient, than thoAiem- 

k * Y Y 2 
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branous labyrmth is ; for, as a solid body insulated by a 
different medium, it is capable of resonance. 

The rads of Corti are probably arranged so that each is 
set to vibrate in unison with a particular tone, and thus 
strike a particular note, the sensation of which is carried 
to the brain by those filaments of the ^^uditoiy nerve with 
whidi the Utile vibrating rod is connected. 

The distinctive fun^on therefore of these minute bodies 
is, probably, to render sensible to the brain the various 
musical notes and tones, one of them answering to one tone, 
and one to another ; while perhaps the other parts of the 
organ of hearing discriminate between the intensities of 
different sounds, rather than their qualities. 

Sensibili^ of the Auditory Nerve. 

Most frequently, several undulations or impulses on the 
auditory nerve concur in the production of the impressions 
of sound. 

By the rapid succession of several impulses at unequal 
intervals, a noise or rattle is produced ; foom a rapid suc- 
cession of several impulses at equal internals, a musical 
sound results, the height or acuteness of which increases 
with the number of the impulses communicated to the ear 
within a given time. A sound of definite musical value is 
also produced when each One of the impulses, succOeding 
another thus at regular intervals, is itself compounded of 
several undulations, in such a way that, heard alone, 
it would give the impression of an unmusical sound; that is 
to say, by a sufficiently rapid stiooession of short unmusical 
sounds at regular intervals, 9 musical sound is generated. 

It would appear that two impulses, whichpre equivalent 
to four single or half vibrations, are sufficient to produce a 
definite note, ^udible ha such through tite auditoiy nerve. 

, ^he note produced by the shc^ of the^eeth of a revolring* 
UisKeel, at regttto intervals upon a ;soKd body, is Still heard 
the teeih of the wheel removed in ; 8UC^srioh| 
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until two only are left; the .sound produced by the impulse 
of these two teeth has still the same dehnite value in the 
scale of music. 

The maximum and minimum of the intervals of suc: 
eessive impulses still appreciable through the auditory 
nerve as determiiiate* sounds, have been determined by 
M. Savart. If their intensify is sufficiently great, sounds 
are stiU audible which result from the succession of 48,000 , 
half-vibrations, or 24,000 impulses in a second; and this, 
probably, is not the extreme limit in acuteness of soimds 
perceptible by the ear. For the opposite extreme, he has 
succeeded in rendering sounds audible which were pro- 
duced by only fourteen or eighteen half-vibrations, or 
seven or eight impulses in a second ; and sounds still 
deeper might probably be beard, •if the individual im- 
pulses could be sufficiently prolonged. 

By removing • one or several teeth from the toothed 
wheel before mentioned, M. Savart was also enabled to 
satisfy himself of the fact that in the case of the auditory 
nerve, as in iiiat of the optic nerve, the sensation continues 
longer than the impression which causes it; for the re- 
moval of a tooth &om the wheel produced no interruption of 
the sound. The gradual cessation of the sensation of sound 
renders it difficult, however, to determine its exact duration 
b^ond that of the impression of the sonorous impulses. 

The power of perceiving the direction of sounds is not a 
faculty of the sense of hearing itself, but is an act of the 
mind judging on experience previously acquired. From 
the modifioations which the sensation of sound undergoes 
according to the direction in which the sound reaches us, 
the^ mind ^ers the position of the sounding body. The 
only true guide for this inference is the more intense 
action of the sound upon one tfalm upon the other ear. 
But even here there is ^om for much deception, by the 
influence of reflexion or ;|pBonance, anil by the propag&tion 
of sound fiom a distoce;^ , without loss of intensify, tjurough 
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curved couducting-tubes filled with air. By means of such 
tubes, or of solid conductors, which convey the sonorous 
vibrations from their source to a distant resonant body, 
sounds may be made to appear to originate in a new 
situation* 

The direction of sound m!ay also be« judged of by means 
of one ear only ; the position of the ear and head being 
varied, so that the onerous undulations at one moment 
fall upon the ear in a perpendicular direction, at another 
moment obliquely. But when neither of these circum- 
stances can guide us in distinguishing the direction of 
sound, as when it falls equally upon both ears, its source 
being, for example, either directly in front or behind us, it 
becomes impossible to determine whence the i^und comes. 

Ventriloquists take^ advantage of the difficulty with 
which the direction of sound is recognised, and also the 
influence of the imagination over our judgment, when they 
direct their voice in a certain direction, and at the same time 
pretend themselves to liear the sounds as coming from thence. 

The distance of the source of sounds is not jiecognised by 
the sense itself, but is inferred from their intensity. The 
sound itself is always seated but in one place, namely, in 
our esi ; but it is interpreted as coming from an es^terior 
soxilferoits body. When the intensity of the voice is 
modified in imitation of the effect of distance, it, excites 
the idea of its originating at a distance ; and this is also 
taken advantage of by ventriloquists. 

The experiments of Savart, already referred to, prove 
that the effect of the action of sonorous undulations upon 
the nerve of hearing, endures somewhat longer than, the 
period during which the undulations are pa|piiig: through 
the ear. If, however, the impresedon of the same sound 
be very long obntinued^ or constantly repeiitted frr a Jong 
, thisn the^lensation ^oduG|d may^i|pti^ for a very 
time, more th&n* twelve or hours O^n, 

after . piO cauOe of the sound has ceased. > This 
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must have been experienced .by every one who has travelled 
several days continuously ; -for some time after the journey, 
the rattling noises are heard when the ear is not acted on 
by other sounds. 

We have here a proof that the perception of sound, as 
sound, is not essentially connected with the existence of 
undulatoxy pulses ; and that the sensation of sound is a 
state of the auditory nerve, which, ^ though it may be 
excited by a succession of impulses, may also be produced 
by other causes. Even if it be supposed that undulations 
excited by the impulse are kept up in the auditory nerve 
for a certain time, they must be undulations of the nervous 
principle itself, which, being excited, ccmtinue until the 
equilibrium is restored. 

Corresponding to the double vision of the same object 
with the two eyes, is the double hearing with the two 
ears; and analogous to the double vision with one eye, 
dependent on unequal refraction, is the double hearing of 
a single sound with one ear, owing to the sound coming to 
the ear througli media of unequal conducting power. The 
first kind of double hearing is very rare ; instances of it 
are recorded, however, by Sauvages and Itard. The second 
kind, which depends on the unequal conducting power of 
two . media through which the same sound is transmitted 
to the ear, may easily be experienced. . If a sm^l bell be 
sounded in water, while the ears are closed by plugs, and 
a solid conductor be interposed between the water and the 
ear, two sounds will be heard differing in tensity and tone ; 
one being conveyed to the ear through the medium of the 
atmosphere, the other through the conducting^rod. , 

The sen^ ~of vision may vary in its degree of perfection 
as regards either the facully of adjustment to diffbrexit 
distances, the power of distinguishing accurately the par* 
tides of the ret^ affected, sensibility to light and 
ness, dr the perception i^tha differwt shades of colour, 
ka the sense of hearing, ^ere is ha parallel to the faculty 
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by which the eye is accommodated to distance^ nor to the 
perception of the particular part of the nerve affected ; but 
just as one person sees distinctly only in a bright light, 
and another only in a moderate light, so in different 
individuals the sense of hearing is more perfect for sounds 
of different pitch ; and just as a person whose vision for 
the forms of objects, ^ etc., is. acute, nevertheless dis- 
tinguishes colours Tvith difficulty, and has no perception of 
the harmony and ^sharmony of colours, so one, whose 
hearing is good as far as regards, the sensibility to feeble 
sounds, is sometimes deficient in the power of recognising 
the musiciil relation of sounds, and in the sense of harmony 
and discord; while another individual, whose hearing is 
in other respects imperfect, has these endowments. The 
causes of these difference^ are unknown. 

Subjective sounds are the result of a state of irritation ^r 
excitement of the auditory nerve produced by other causes 
than sonorous impulses. A state of excitement of this 
nerve, however indtfced, gives rise to the sensation of 
sound. Hence the ringing and buzzing in;!:i&e ears heard 
by persons of irritable and exhausted pervods system, and 
by patients with cerebral disease, or disease of the audi- 
tory netve itself; hence also the noise in the ears heard 
for some time after a long journey in a rattling noisy 
vehicle. Hit^ter found that Electricity also excites a sound 
in the ears. Prom the above truly subjective sound we 
must distinguish those dependent, not on a state of the 
auditory nerve itsjslf merely, but on sonorous vibrations 
excited in the auditory apparatus. Sucli are the buzzing 
sounds attendant on vascular congestion qS the head and 
ear, or cm aneurismal dilatation o£ the vessels. Frequently 
even the simple pulsatory circulation of the blood in the 
ear is heard. To the somods of ibis da&s belong also the 
^Pisng fik>und in the ear produced by a volimteay effort, 
a^ the buzz w hum heard duriag the cdn^poeticm of the 
Platine musdeB In act of ypwning ; during the £>fehig 
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of air into the tympanum, bo as to make tense the mem- 
brana tympani ; and in the act of blowing the nose, as 
well as during thp forcible depression of the lower jaw. 

Irritation or excitement of the auditory nerve is capable 
of giving rise to movements in the body, and to sensations 
in other organs of sense. In both cases it is probable 
that the laws of reflex action, through the medium of the 
brain, come into play. An intense and sudden noise 
excites, in every person, closure of tlie eyelids, and, in ner- 
vous individuals, a start of the whole body or an unpleasant 
sensation, like that produced by an electric shock, through- 
out the ^ody, and, sometimes a particular feelfng in' the 
external ear. Various sounds cause in' many people a 
disagreeable' feeling in the teeth, or a sensation of cold 
tickling through the body, and,, in, some people, intense 
sounds are said to make the saliva collect. 

The sense of hearing may in its turn bo affected by im- 
pressions on many other parts of the body ; especially in 
diseases of the abdominal viscera, aifd in febrile affections. 
Here, also, it is probable that the central organs of the ner- 
vous system are the media through which the impression 
is transmitted. 


SlINSE OF IASTJ2. 

The conditions for the perception of taste are: — i, the 
presence of a nerve with special endowments ; 2, the 
excitation of the nerves by the sapid matters, which for 
this purpose must be in a state of solution. The nerves 
concerned in the production of the. sense of taste have been 
already ednsidered (pp. 547 555)- 

The mode of action of « the substances which excite taste 
probably consists in the production of a change in tho 
internal condition of the gustatory serves ; and, according 
to the difference of the substances, an infinite variety of 
changes of condition^ oonBequen% of tastes, may be 
induced. It is not, how^^, necessary for the mamtesta- 
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tion of taste that sapid substances in solution should be 
brought into contact with its nerves. For the nerves of 
taste, like the nerves of other special senses, may have 
their peculiar properties excited by various other kinds of 
irritation, sudi as^ electricity and mechanical impressions. 
Thus Henle observed that a small current of air directed 
iipon the tongue gives rise to a cool saline taste, like that 
of saltpetre ; and Hr. Baly has shown that a distinct sen- 
sation of ta^e, similar to that caused by electricity, may 
be produced by a sma^t tap applied to the papillee of the 
tongue. Moreover; the mechanical irritation of the fauces 
and palaie produces the sensation of nausea,* whidi is 
probably only a modification of taste. 

The matters to be tasted must either be in solution or 
be soluble in the moisture covering the tongue ; hence 
insoluble substances are usually tasteless, and produce 
merely sensations of touch. Moreover, for tjhe perfect 
action of a sapid, as of an odorous substance, it is necessary 
that the sentient surlace should be moist. Hence, when 
the tongue and fauces are dry, sapid substances, even in 
solution, are with difficulty tasted. 

The principal, but not exclusive seat of the sense of 
taste is tho fahces and tongue. 

The tongue is a muscular organ (^vered by mucous 
membrane ; the latter resembling other mucous mem- 
branes (p. 398) in essential points of structure, but con- 
taining certain piarts, the papiUaf more or less peculiar 
to itself; peculiat^ however, in details of structure and 
axxangement, not in their imture. The tongue is. beset 
with numerous mucous follicles a^d glands. , Its use in 
relation to mastication imd deglutition has dready been 
CQtisidared (p. 264). 

Betidss other functions, the mucous membraw pf the 
tc^gue serves ^^as a groand-wo|k for the ramification of 
abundant bloodi<^yeaBels and uery^ which the tongue 
reaves, and affords insertionL to the extcamitiea pf the 
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The larger papiUm of the tongue are tliickl 3 r set over the 
anterior two-thirds of its upper surface, or dormm (fig. 202), 
and give to it its characteristic roughness. .Their greater 
prominence than those of the skin is due to their interspaces 
not being filled up with epithelium, as the interspaces of 
the papilla) of the skin are. The papillm of the tongue 
present several diversities of form; but three principal 
varieties, difiering *both in seat and general characters, 
may usually be distinguished, namely, the drcumvaUate or 
caldformy ^efungf/om, and the flijonn papillae. Essen- 
tially these have all of them the same structure, that is to 
say, they are all forhied by a projection of the mucous 
membrane, and contain special branches of blood-vessels 
and nerves. In details of structure, however, they differ 
considerably one from another. 

All the ^ee varieties of papillce just described have 
been commonly regarded as simple processes, like the 
papillae of the skin ; but Todd and Bowman have shown 
that the surfSace of each kind is studded by minute conical 
processes of mucous membrane, which thus form secondary 
papillae. These secosidaTy papillae also occur over most 
other parts of the tongue, not occupied by the compound 
papillae, and extend for some distance behind the papillae 
circumvallatae. The mucous membrane immediately in &ont 
of the epiglottis, is, however, firee firom'them. They ore 
Fig, 201* / 



5* ng, 203. ’Vertical seotioa of the circiu^ivailaie pajallfle (fro 
.KoUiker). V^-A, the jupillsej .B, II16 suitonnding ml} j theejpi- 
theUal covering ; the iierv«« the end well sj^tWting to- 

j^de;tho surface ; the aecondeiy papilhei . , T ; 
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commozilj buried beneath the epithelium ; hence they had 
been previously overlooked. 

CireumvaUate or Calyciform Papilla , — These papillae (fig. 
203), eight or ten in number, are situate in two V-shaped 
lines at the base of the tongue (i, I, figf 202). They are 
circular elevations from ^th 204.* 

to T^g-th of an inch wide, each 
with a central depression, and 
surrounded by a circular fis- 
sure, at the outside of which 
again is a slightly elevated 
ring, both^he central elevation 
and the ring being formed 
of close-set simple papilho 
(fig. 203.) 

Fungiform Papilla , — The 
fungiform papillco (fig. 204) 
are scattered chiefly over the 
sides and tip, and sparingly 
over the middle of the dor- 
sum, of the tongue; th^ 
name is derived from their 
being usually narrower at 
their base than at their sum- 
mit. They also consist of groups of simple papilla), each 
of which cdntains in its interior a jloop of capillary blood- 
vessels, and a nerve-fibre. . 

Conical or FUi/orm Papilla, — ^These, which are the most, 
abundant papillae, are scattered over the whole surface of 
the tongue, but especially over the middle of the dorsum. 

* Fig. 204. Surfiice and^eection oF tho fungiform papillas (from 
Kdlliker, after Todd and Bowman). -+A, the surface of a fungiform 
papilla, partially denuded of its epitheliumf ; p, secondary papillae ; 
e, epithelium. B, section of, a fungifortn papflla with the blood-vessels 
i^ject^j a, artery ; v, capillary loops of simple papilhein 

the nd^bbtiring structure the tongues ^ capillary loops of the 
secondary papillce ; ^ epithelium. ' ^ • 
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They vaxy in shape somewhat, but for the most part 
are conical or filiform, and corered by a thick layer of 
epidermis, which is arranged over them, either in an im- 
205.* bricated m^ner, or 

is prolonged from 
their surface in the 
form of fine still* pro- 
jections, hair-like in 
appearance, and in 
some instances in 
structure also (fig. 
205)., From their 
peculiar structure, it 
seems likely that 
these papUlsD have 
a mechanical func- 
tion, or one allied 
to that of touch, 
rather than of taste ; 
the latter sense being 
probably seated espe- 
cially ing|he other two 
varieties of papillae, 
the cirewivallate and 
the /ungifortn. 

The of 

lihe tongue is of the 
squamous or tesaelated Und (p- 30). It covers every 
pari of the surface; but over the fungiform papillae 

* Fig. 205. Two filiform papill^ innc with opithelrim, the other 
without <from KolUker, Todd and l^wtnao). the sub- 

stance of the paplUa; dividing at their upper ext^ities iatuse^ondary 
papillas ; artery, aud^v, vein, dividjl^ into capill^ loops ; e, epi- 
tlielisl covering, laminated between the hut extend^ into hair- 

pw^oesses /, from th^ extremities of the papUIm. 
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forms a thinner layer than elsewhere, so that these 
papillae stand out more prominently than the rest. The 
epithelium covering the filiform papillae has been shown 
by Todd and Bowman to have a singular arrangement; 
being extremely dense and thick, and, as before men- 
tioned, projecting from their sides and summits in the 
form of long, stiff, hair-like processes. Many of these 
processes bear a close resemblance 4 o hairs, and some 
actually contain minifte air-tubes. Blood-vessels and 
nerves are supplied freely to the papillae. The nerves in 
the fungiform and circumvallate papillae form a kind of 
plexus, spreading out brush-wise (fig. 203), but the exact 
mode of termination of the nerve-filaments is not certainly 
known. 

Such, in outlino, is the structure of the sensitive surface 
of the tongue. But the tongue is not the only seat of the 
sense of taste ; for the results of experiments as well as 
ordinary experience show that the soft palate and its 
arches, the uvula, tonsils, and probaf>ly the upper part of 
the pharynx, are endowed with taste. These parts, toge- 
ther with the base and posterior parts of the tongue, are 
supplied, with branches of the glosso-pharyngeal nerve, and 
evidence has been already adduced (p. 556 et seq.) that the 
sense of taste is conferred upon them by this nerve. 

In most, though not in all persons, the anterior part of 
the tongue, especially the edges an4 tip, are endowed with 
the sense of taste* The middle of the dorsum is only 
feebly endowed with this sense, probably because of the 
density and tthickness of the epithelium covering the fili- 
form papillae of this part of the tongue, which will prevent 
the sapid substances firdm penetrating to their sensitive 
parts. The gustatory property of the anterior part of the 
tongue is due, as already said (p^ 547), to the lingual 
branches of the fifth nerves 

Boaides the sense of the toi^e, by means also of 
its papillm, is enduejd, especiall;^ at its sides and ti^ with 
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a very delicate and accurate eense of touch, which renders 
it sensible of the impressions of heat and oold^ pain and 
mechanical pressure, and consequently of the form of 
surfaces. The tongue , may lose its common sensibility, 
and still retain the sense of taste, and me versa. This fact 
renders it probable that, although the senses of taste and 
of touch may be exercised by &e same papillm supplied 
by the same nerves, .y^t the nervous conductors for these 
two different sensations are distij^f!} just as the nerves for 
smell and common sensibility in the nostrils ore distinct; 
and it is quite conceivable that the same nervous trunk 
may contain fibres differing essentially in their specific 
properties. Facts already detailed (p* 547) seem to prove 
that the lingual branch of the fifth nerve is the seat of 
sensations of taste in the anterior part of the tongue : and 
it is also certain, from the marked manifestations of pain 
to which its division in animals gives rise, that it is like- 
wise a nerve of common sensibility. The glosso-pharyngeal 
also seems to contain &bres both of common sensation and 
of the special sense of taste. 

The concurrence of common and specifd sensibility in 
the same part makes it sometimes difficult to determine 
whether the' impression produced by a substance is per- 
ceived through the ordinal sensitive fibres, or through 
those of the sense of twte. In many cases, indeed, it is 
probable that both BeUi^:jof nerve-fibres are concerned, as 
when irritating acrid substances are kMvoduced iuto the 
mouth. , 

The impressions on the mind leadii^. to the» perception 
of taste seem to result, as alr^i% :said, foom certain 
changes in the internal condition*6| the nerves produced 
by the contact of sapid substances with the papillm in 
which the flbte^ ef thsse nervee are distributed. . . 
expknaiion^ obi^ure th<m^ it niay actant gens^ally 
for ‘the sense; butTihe yarial^j^ tas^ 
di^jfent subs^fcanoefi; ^6 > yet ineacpUcable. ; In ^ case. 
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of hearing, we know that sounds differ from one another 
according to the differences in the number of undulations 
producing them ; and in the case of vision, it is reasonably 
inferred that different colours result frpm differences in 
the number of undulations, or in the rate of transit, of the 
principle of light. But, in the cases of taste and smell, no 
such probable explanation has yet been offered. It would 
appear, indeed, from the experiments of Horn, that while 
some substances taste {dike , in all regions of the tongue’s 
surface, others excite different tastes, according as they are 
applied to different papillre of the tongue. This, observa- 
tion, if confirmed, would seem to show that, in some cases 
at least, different fibres are capalde of receiving different 
impressions from the same sapid eul)stance. 

ISluch of the perfection of the sensd of taste is often due 
to the sapid substances being also odorous, and exciting 
the simultaneous action of the sense of smell. This is 
shown by the imperfection of the taste of such substances 
when their action on the olfactory nerves is prevented by 
closing the nostrils. Many lino wines lose much of their 
apparent excellence if the nostrils are held close while they 
are drunk. 

Very distinct sensations of taste are fre<piently left after 
the substances which excited them have ceased to act on 
the nerve ; and such sensations often endure for a long 
time, and modify the taste of other substances applied to 
the tongue afterwards. TlmS) the taste of sweet substances 
spoils the flavour of wine, the taste of cheese improves it. 
There appears^ therefore, to exist the same relation between 
tastes as between Colours, of which those that are opposed 
or complementary render 'each , other more vivid, though 
no general principles governing this relation have been 
discovered in the case of tastes. In* the art of cooking, 
howeyer, attention has at aU times been paid to the con- 
sonance or harmony of flavins in their combination or 
order of succession^ just as in x^ainting and music «the 



7o6 


THE SENSE OF TOUCH. 


fuudamental principles of harmony have been employed 
empirically while the theoretical laws were unknown. 

Frequent and continued repetitions of the same taste 
render the perception of it less and less distinct, in the 
same way that a colour becomes more and more dull and 
indistinct the longer the eye is fixed upon it. ' Thus, after 
frequently tasting first one and then the other of two kinds 
of wine, it become® impossible to discriminate between 
them. 

The simple contact of a sapid substance with the sur- 
face of tjio gustatory organ seldom gives rise to a distinct 
sensation of taste ; it needs to be diffused over the surface, 
and brought into intimate contact with the sensitive parts 
by compression, friction, and motion between the tongue 
and palate. * 

The sense of taste seems capable of being excited also 
by internal causes, such as changes in the conditions of 
the nerves or nerve-centres, produced by congestion oi* 
other causes, which excite subjective sensations in the 
other organs of sense. But little is known of the sTib- 
jective sensations of tasto ; for it is difficult to distin- 
guish the phenomena from the effects of external causes, 
such as changes in the nature of the secretions of the 
mouth. 

SENSE OF TOUCH. 

The sense of touch is not confined to particular parts of 
the body of small extent, like the other senses; on the 
contrary, all parts capable of perceiving tlie presence of 
a stimulus by ordinary sensation are, in certain degrees, 
the seat of tliis sense ; for touch is simply a modification 
or exaltation of common sentetion or sensibility. The 
nerves on which the sense of touch depends (ire, therefore, 
the same as those T^ich confer^ ordinary sensation on the 
different parte of the body,^^., those derived from the 
posterior roots oi the nerves of the spinal cord, and the 
sensitive cerebral nerves. 
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But, although all parts of the body supj)lied with sensi- 
tive nerves are thus, in some degree, organs of touc h, 3-6 1 
the sense is exorcised in perfection only in those parts the 
sensibility of which is extremely delicate, <?.//., the skin, 
the tongue, and the lips, which are provided with «abun- 
dant papillsB. (See chapter on Skin, and section on 
Taste.) 

The sensations of the common sensitive nerves have as 
peculiar a character as those of any other organ of sense. 
The sense of touch renders us conscious of the presence of 
a stimulus, from the slightest to the most intense degree 
of its action, neither by sound, nor by light, nor b}'^ colour, 
but by that indescribable something which we call feeling, 
or common sensation. The modifications of this sense 
often depend on the extent of the parts affected. The 
sensation of pricking, for example, informs us that the 
sensitive particles are intensely affected in a small extent ; 
the sensation of pressure indicates a slighter affection of 
the parts in a greater extent, and to a greater depth. It 
is b}^ the depth to which tho parts are affected that the 
feeling of pressure is distinguished from- that of mere 
contact. Schiff and Brown-Secpiard are of opinion that 
common sensibility and tactile sensibility manifest them- 
selves to the individual by the aid of different sets of fibres. 
T)r. Sieveking has arrived at the same conclusion from 
pathological observation. 

By the sense of touch the mind is made acquainted with 
the size, form, and other external characters of bodies. 
And in order that these character's may be easily ascer- 
tained, the sens© of touch is especially developed in those 
parts which can be reftdily moved over the surface of 
bodies. Touch, in its more limited sense, or the act 
of examining a body by the touclf, consists merely in a 
voluntary emplo 3 mient of ^is sense combined with move- 
ment, and stands in the same relation to the sen8& of 
ouch, or common se^Lsibility, generally, as the act o^ seek- 

z 2 
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ing, following, or exlamining odours, does to the sense of 
smell. Every sensitive part of the body which can, by 
means of movement, be brought into different relations of 
contact with exteriyil bodies, is an organ of touch. No 
one part, consequently, has exclusively this function. The 
hand, however, is best adapted for it, by reason of its 
peculiarities of structure, — ^namely, its capability of pro- 
nation and supinatiotif which enables it, by the movement 
of rotation, to examine the whole circumference of a body ; 
the power it possesses of opposing the thumb to the rest 
of the hjyid; and the relative mobility of the fingers. 
Besides — the hand, and esx)ecially the fingers, are abun- 
dantly endowed witli jnipilla and touch-corpuscles (pp. 424, 
425) which are sj^eciaily necessary for the perfect emx>loy- 
ment of this sense. 

In forming a conception of the figure and extent of a 
surface, the mind multixdies the size of the hand or fingers 
used in the inquiry Ijy the number of times which it is 
contained in the surface traversed ; and by repeating this 
process with regard to the different dimensions of a solid 
body, acquires a notion of its cubical extent. 

The perfection of the sense of touch on different parts 
of the surface is prox>ortioned to the x><>wer which such 
parts possess of distinguisliing and isolating the sensa- 
tions produced by two points placed close together. This 
pow’er depends, at least in part, on the number of primitive 
nerve-fibres distributed to the part ; for the fewer the 
primitive fibres w'hich an organ receives, the more likely 
is it that several impressions on different contiguous points 
will ac^t on only one nervous fibre, and hence be con- 
foimded, and perhaps produce but one sensation. Ex- 
periments to determine the tactile properties of different 
parts of the skin, ' as^measured by this power of distin- 
g^shing distances,^ were made by E. H. Weber. One 
experiment consisted in touching the skin, while the eyes 
were icdosed, with the points of a pair of compasses sheathed 
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with cork, and in ascertaining how close the points of the 
compasses might be brought to each other, and still be 
felt as two bodies. He examined in this manner nearly 
every part of the surface pf the body, and has given tables 
showing the relative degrees of sens’ibility of different* 
parts. Experiments of a similar kind have been per- 
formed also by Valentin : and, among the numerous 
results obtained by both these investigators, it appears 
that the extremity of the third finger, and the point of the 
tongue are the parts most sensitive : a distance of as little 
as half a line being hero distinguished. Next in sensitive- 
ness to these is the mucous surface of the lips,* which can 
perceive the two points of the compass when separated to 
the distance of about a line and a half : on the dorsum of 
the tongue they require to be sepa«*atcd two lines. The 
l^arts in which the sense of touch is least acute are the 
neck, the middle of the back, the middle of the arm, and 
the middle of the thigh, on which the points of the com- 
pass have to be separated to the dis’tance of thirty lines to 
be perceived as distinct points (Weber). Other parts of 
the body possess various degrees of sensibility intermediate 
between the above extremes. 

A sensation in a part endowed with touch ai>pears to 
the mind to be, emteris paribus, more intense when it is 
excited in a large extent of surface tlmn when it is con- 
fined to a small space. The temperature of water into 
'which he dipped his whole hand, appeared to Weber to be 
higher than that of water of really higher temperature, 
in which hp immersed only one finger of the other hand. 
Similar observations may be made by persons bathing in 
warm or cold water. 

Part of the ideas which we obtain of the’ conditions of 
external bodies is derived through^tbe peculiar sensibility 
with which muscles are endowed — the sensibility by which 
we are made acquainted ^th their petition, and the dd^ee 
of their contraction.^ By this sensation, we are enabled to 
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estimate the degree of force exerted in resisting jiressTiro 
or in raising weights. The estimate of weight by mus- 
cular effort is more accurate than that by pressure on the 
skin, according to .Weber, who states that by the former 
a difference between two weights may be detected when 
one is only one-twentieth or one-fifteenth less than the 
other. It is not the absolute, but the relative, amount of 
• the difi'erenee of wei^t which we have thus the faculty 
of perceiving. 

It is not, however, certain, that our idea of the amount 
of muscular force used is derived solely from sensation in 
the muscles. W.e have the power of estimating very 
accurately beforehand, and of regulating, the amount of 
nervous influence necessary for the production of a certain 
degree of movement. * When we raise a vessel, with the 
contents of which we are not acquainted, the force we 
employ is determined by the idea we have conceived of its 
weight. If it should ^happen to contaiu some very heavy 
substance, as quicksilver, we shall probably let it fall ; 
the amount of muscular action; or of nervous energy, 
which we had exerted, being insufficient. The same thing 
oficurs sometimes to a person descending stairs in tlie 
dark ; he makes the movement for the descent of a step 
which does not exist. It is possible that in the same way 
the idea of weight and pressure in raising bodies, or in 
resisting forces^ may in jjart arise from a consciousness of 
the amount of nervous energy transmitted from the brain 
rather than from a sensation in the muscles themselves. 
The mental conviction of the inability longer to support a 
weight must ^Iso be distinguished from the actual sensa- 
sation of fatigue in the muscles. ’ * 

So, with regard to the ideas derived from sensation of 
touch combined with fiiovements, it is doubtful how far 
the consciousness of the extent of muscular movement is 

i • 

obtained from sensations in the muscles themselves. The 
sensation of movement attending the ipiotions of the hand 



THE SENSE OF TOUCH. 


711 

is very slight; and persons who do not know that the 
action of particular muscles is necessary for the production 
of given movements, do not suspect that the movement of 
the fingers, for example, depends on an action in the fore- 
arm. The mind has, nevertheless, a Very definite know- 
ledge of the changes of position produced by movements ; 
and it is on this that the ideas which it conceives of 
the extension and form of a body arc in great measure 
founded. 

In order that an impression made on a sensitive surface 
may be perceived, it is necessary that there- should exist 
a reciprocal influence between the mind and tLte sense of 
touch; for, .if the mind does not thud co-operate, the 
organic conditions for the sensation may be fulfilled, but 
it remains unperccived. Moreover,, the distinctness and 
intensity of a sensation in the nerves of touch depend, 
in great measure, on the degree in which the mind co- 
operates for its perception. A painful sensation becomes 
more intolerable the more the attention is directed to it ; 
thus, a sensation in itself inconsiderable, as an itching in 
a very small spot of the skin, may be rendered very 
troublesome and enduring. 

As every sensation is attended with an idea, and leaves 
behind it an idea in the mind which can be reproduced at 
will, we are enabled to compare the idea of a past sensation 
with another sensation really present. Thus we can com- 
pare the weight of one body with another which we had 
previously felt, of which the idea is retained in our mind. 
Weber was indeed able to distinguish in this manner 
between temperatures, experienced one after the other, 
better than between temperatures to which the two hands 
were simultaneously subjected. This power of comparing 
present with past sensations diminishes, however, in pro- 
portion to the time which has elapsed between them. 

The after-senmtions l«||*hy impressions on nerves of ijom- 
mon sensibility or touch are very vivid and durable. As 



712 


TEE SENSE OF TOUCH. 

long as the condition into which the stimulus has thrown 
the organ endures^ the sensation also remains, though the 
exciting cause should have long ceased to act. Both pain- 
ful and pleasurable sensations afford many examples of 
this fact. 

The law of contrasty which we have shown modifies the 
sensations of vision, prevails here also. After the body 
has been exposed tp^a warm atmosphere, a degree of 
temperature a very little lower, which would under other 
circumstances appear warm, produces thesensatiqn of cold; 
and a sudden change to the extent of a few degrees from 
a cold teihperature to one less severe, will praduce the 
sensation of warinth. Heat and cold are, therefore, rela- 
tive terms ; for a particular state of the sentient organs 
causes what would otherwise be warmth to appear cold. 
So, also a diminution in the intensity of a long-continued 
pain gives pleasure, even though the degree of pain that 
remains would in the healthy state have seemed intoler- 
able. • 

Subjective eemations, or sensations dependent on internal 
causes, are in no sense more frequent than in the sense ol' 
touch. All the sensations of pleasure and pain, of heat 
and cold, of lightness and weight, of [fatigue, etc., may bt? 
produced by internal causes. Neuralgic pains, the sensa- 
tion of .rigor, formication or the creeping of ants, and the 
states of the sexual organs occurring during sleep, afford 
striking examples of subjective sensations. 

The mind, also, has a remarkable power of exciting 
sensations in the nerves of common sensibility just as the 
thought of the nauseous excites sometime&.ihe sensation of 
nausea, so the idea of pain gives *1166 to the actual sensa-^ 
lion of pain in a part predisposed to it. The thought of 
anything horrid excitea the semsntion of shuddering ; the 
feelings of eager expectation, of .pai^ietic emotion, of 
enthusiasm, excite in some persons a sensation of con- 
centration ” at the top of the head, and of cold trickling 
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through the body ; fright causes sensations to be felt in 
many parts of the body ; and even the thought of tickling 
excites that sensation in individuals very susceptible of it, 
when they are threatened with it by the movements of 
another person. These sensations from internal causes are 
most frequent in persons of excitable nervous systems, such 
as the hypochondriacal and the hysterical, of whom it is 
usual to say that their pains are imaginary. If by this is , 
meant that their pains exist in their imagination merely, 
it is certainly quite incorrect, Pain is never imaginary 
in this sense; but is as truly pain when arising from 
internal ^as from external causes ; the idea of pain only 
can be unattended with sensation, but of the mere idea 
no one will complain. StiU, it is quite certain that the 
imagination can render pain that already exists more in- 
tense and can excite it when there is a disposition to it. 


CHAPTER XX. 

GENKKATION AND 

The several organs and functions of the human body 
which have been considered in the previous chapters, have 
relation to the individual being. We have now to con- 
sider those organs and functions which are destined for 
the propagq^tion of the species, These comprise the several 
provisions made for the 'formation, impregnation, and 
development of the ovum, from, which the embryo or foetus 
is produced and gradually perfected into a fully-formed 
human being. , , • 

The organs concerned^ in effecting these objects are 
named the generative oilmans, or sexhal apparatus, since 
part belong to the male ahd part to the female sex. ^ 
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Generative Organs of the Female. 

The female organs of generation consist of two Ovaries^ 
whose function is the formation of ova; of a Fallopian 
tube, or oviduct, connected with each ovaiy, for the pur- 
pose of conducting tlie ovum from the ovary to the utervs 
or cavity in which, if impregnated, it is retained until the 
embryo is fully developed, and fitted to maintain its 
-existence, independeAtly of internal connection with the 
parent ; and, lastly, of a canal, or vagina, with its append- 
ages, for the reception of the male generative organ in the 


Fig. 206. 



* Fig. 2 o 6^^ Diagrammatic view of the uterus and its appendages, 
as seen from behind (from Quoin). 4*— The uterus and upper port 
of the vagina have been laid open by removing the posterior wall ; the 
Fallopian tube, round ligament, and ovoriau ligament liave been cut 
short, and the broad ligament removed on the left side ; w, the upper 
part of the uterus ; c, the cervix opposite the os internum ; the triangular 
shaxie of the uterine cavity is e3iown,‘it!id« thG dilatation of the cervical 
cavity with the rug® temied Arbor vit» ; v, upper part of the vagina; 

Fallopian tube or oviduct ; the nanm conimunicotion of its cavity 
with that of the tonu of^the uteig|^«n each side is seen ; I, round 
Ifil^ient j 2o, ligament of the ov^ry mde outer part of 

fight Failci^ian its &oihriated extremity ; />o, parovarium ; 

A, one of the hydatids freq[ueutiy found connected wifi the hroad 
llgan^At » 4 ^ 
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uot of copulation, and for the subsequent discharge of tho 
foetus. 

The ovaries are two oval compressed bodies, situated in 
tho cavity of the pelvis, one on each si(Je, enclosed in tlie 
folds of the broad ligament. Every ovary is attached to 
the uterus by a narrow fibrous cord (the ligament of the 
ovary), and, more slightly, to the Fallopian tube by one 
of the fimbriae, into which the walls •of the extremity of 
the tube expand. 

The ^ovary is enveloped by^a capsule of dense fibro- 
cellular tissue, which again is surrounded by peritoneum. 
The internal structure of tlie organ consists of a peculiar 
soft fibrous tissue, or stroma^ abundantly supplied with 
blood-vessels, and having embedded in it, in various stages 
of development, numerous minute follicles or vesicles, the 
Graafian vesicles, or sacculi, containing tho ova (fig. 207). 
A further account of the Graafian vesicles and of their 
contained ova will be presently given| 

The Fallopian tubes are about four inches in length, and 
extend between the ovaries and the upper angles of the 
Hterus. At the point of attachment to the uterus, the 
Fallopian tube is very narrow; but in its course to tho 
ovary it increases to about a line and a half in thickness ; 
at its distal extremity, which is free and floating, it bears 
a number of fimhrim, one of which, longer than the rest, is 
attached to the ovtiry. The canal by which each Fallopian 
tube is traversed is narrow, especially at its point of 
entrance into the uterus, at which it will scarcely admit a 
bristle ; its t)ther extremity is wider, and opens into the 
cavity of the abdomen, surrounded by the zone of fimbrise. 
Externally, the F^opian tube is invested with perito- 
* neum ; internally^ its canal is lined with mucous mem- 
brane, covered with , ciliaij^f^pithelmm (p. 33) : between 
the peritoneal and mucomcoats, the walls are composed, 
like those of the uterus, fibrous tissue and organic, mus- 
cular fibred (pp. SS>3)- 
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The uterus (u, fig. 206) is a somewhat p}TijEei3XL,*fibx!Qus 
organ, with a central cavity lined with mucous membrane. 
In the unimpregnated state it is about three inches in 
length, two in breath at its upper part, or fundus, but at its 


Fig, 207.* 



lower j)ointed part ox*neck, only about half an inch. The 
part between the fundus and neck is termed the body of 
the uterus: it is about. an inch in thickness. The walls 
of the organ are composed of dense fibro-celliUar tissue, 
Avith which nre intermingled fibres of organic muscle : in 
^he impregnated state the latter are much developed and 
increased in number. The cavity of the uterus corresponds 

* Fig. 207. View of a section of the prejpared ovary of the cat (from 
Schrlin J. — i, outer covering and free border of the ovary ; i', attached 
border; 2, the ovarian stroma, presenting a fibrous and vascular stnicture ; 
3, granular substance lying external, to the fibrous stiipma; 4, blood- 
vessels; 5, bvigerma in their earliest. stages occupying a part of the 
granular layer near the surface ; 6, oyigerms which have begnn^ to 
enlarge and to pass mote deeply into the ovary; 7, ovigerms round 
which the Graafian follicle and tunica granulosa are now formed, and 
which have piisse4, sofliewlrtit deeper into the ovaiy and are surrounded 
by the fibroub stroma ; more advanced Gi^iMifian follicle with the 
Ovum imbedded in the layer of cells c^onstituiingthe proligerous disc ; 
9, the moat advanced follicle containing the oVnm, etc. ; 9', a follicle 
from 'wdiich the ovtun has accidentally escape ; 10, corpus luteum. 
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in form to that of the organ itself : it is . very small in the 
unimpregnated state ; the sides of its mucous surface being 
almost in contact, and probably only separated from each 
other by mucus. Into its upper part, at each side, opens 
the canal of the corresponding Fallopian tube : below, it 
communicates with the vagina by a fissure-like opening in 
its neck, the os uten, the margins of which are distin- 
guished intp two lips, an anterior aud posterior. In the 
mucous membrane of the cervix are found several mucous 
follicles, termed ovula or glandulas Nabothi : they pro- 
bably form the jelly-like substance by which the os uteri is 
usually found closed. 

The vagina is a membranous canal, six or eight inches 
long, extending obliquely downwards and forwards from 
the neck of the uterus, which it embraces, to the external 
organs of generation. It is lined with mucous membrane, 
which in the ordinary contracted state of the canal, is 
thrown into transverse folds. External to the mucous 
membrane, the walls of the vagina are^ constructed of 
fibro-ceUular tissue, within which, especially around the 
lower part of the tube, is a layer of erectile tissue. The 
lower extremity of the vagina is embraced by an orbicular 
muscle, the constrictor vaginro ; its external orifice, in the 
virgin, is partially closed by a fold or ring of mucous 
membrane, termed the hymen, Tho External organs of 
generation consist of the clitoris, a small elongated body, 
situated above and in the middle line, and constructed, 
like the male penis, of two erectile corpora cavernosa, but 
unlike it, without a corpus spongiosum, and not perforated 
by the urethra;. of two folds of mucous membrane, termed 
labia interna, or nympha ; and, in front of these, of two 
other folds, the labia externa, or pudenda, formed of the 
external integument, and lined interally by mucous mem- 
brane. Between the nymj^hro and beneath tbe clitoris is an 
angular space, termed ifel^estibule, af the centre of whose 
base is the orifice of the meatus tirmarius. Numerous 
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mucous follicles scattered beneath the mucous mem- 
brane composing these parts of the external organs of 
generation ; and at the side of the fore part of the vagina, 
are two larger lobulhted glands, named vulvo-vaginail, or 
Duvemey’s glands, which are analogous to Cowper’s glands 
in the male. 

Having given this general outline of the several parts 
which, in the female, contribute to the reproduction of tlie 
species, it will now be necessary to examine successively 
the formation, discharge, impregnation, and development 
of the ovum, to which these several parts are subservient. 

■ Unim2)regnated Ovum, 

If the structure and formation of the human ovary J>e 
examined at any period between early infancy and ad- 
vanced age, but especially during that period of life in 
' which the power of conception exists, it will be foTind to 
contain, on an average, from fifteen to twentyjanr^^^vesides 
or membranous sacs of various sizes,; these have been al- 
ready alluded to as the follicles or vesicles of De Graaf the 
anatomist who first accurately described them; they are 
also sometimes called ovisacs. At their first formation, the 
Graafian vehicles, according to Schron, are near the sur- 
face of the stroma of the ovary, but subsequently become 
more deeply placed; and again, as tl^ey increase in ske, 
make their way towards the surface. When mature, fliey 
form little prominences on the exterior of the ovaty, 
« 30 vered only by the peritoneum. Each follicle has an 
external membranous envelope, composed of fine fibro- 
cellidar tissue, and connected with the surrounding stroma 
of the ovary by networks of blood-vessels (fig. 208). This 
envelope or tmic is lined with a layer of nucleated cells, 
forming a kin^of epithelium or internal tunic, and named 
^tmbrma grmulg^ The cayit^ of thai^IHcle is filled with 
an UbuminouB fittid in wluch microscopic granules float; 
and i| contains also the or^ or^iiauZs; 
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The ovum is a minute spherical body situated, in 

immature foUicles, near the centre; but in those nearer 

maturity, in contact with the 

, , , ' Fig. 2oS.* 

membrana granulosa at that 

part of the follicle which 
forms a prominence on the 
surface of the ovary. The 
cells of the membrana granu- 
losa are at that point more 
numerous than elsewliere, 
and are heaped around the 
ovum, farming a kind of granular zone, the discUs prvligenis 
(fig. 208). 

. In order to examine an ovum, one of the Graafian 
vesicles, it matters not whether it be of small size or 
arrived at maturity, should be pricked, and the contained 
fluid received upon a piece of glass^ The ovum then, being 
found in the midst of the fluid by means of a simple lens, 
may be further examined with higher microscopic powers. 
Owing to its globular form, however, its structure cannot 
be seen until it is subjected to gentle pressure. 

The human ovum is extremely small, measuring, accord- 
ing to Biscjhoff, from to of an inch. Its external 
investment is a transx)arent membrane, about ^ r.Vo 
inch in thickness, which under the microscope, appears as 
a bright ring (fig. 209), bounded externally and internally 
by a dark outline ; it is called the zgiiia pelluciday or vitelline 
mmihrane. It adheres externally to the heap pf cells con- 
stituting t]re discus proligerus. • 

Within this, transparent investment or zona pellucida, 



* F;g. 208. Section of the Gnj^fian vesicle of a Mammal, after Von 
Baer. I. Stroma of the ovaiy 'with bfood-vcssels. 2. Peritoneum. 
3 and 4. Layers of the e^Ltem# coat of tho Graafian vesicle. 5. Mem- 
brana granulosa; 6. Fluid III the Graafian ^sicle. 7. Granulaf zone, 
or discus proligerus, containing the v^nim (8). 



720 


GENERATION AND DEVELOPMENT. 


and usually in close contact with it; lies the yolk or vitellus 
which is composed of granules and globules of various 
sizes, imbedded in a more or less fluid substance. The 
smaller granules, which are the more numerous, resemble 
in their appearance, as well as 
their constant motion, pigment- 
granules. The larger granules or 
globules which have the aspect of 
fat-globules, are in greatest num- 
ber at the periphery of the yelk. 
The number of the granules is, 
according to Bischofi*, greatest in 
the ova of carnivorous animals. In 
the human ovum their quantity is comparatively small. 

In the substance of the yolk is embedded the germinal 
vesivle-y or vesicula germinativa (figs. 209, 2lo). This 
vesicle is of greatest relative size in the smallest ova, 
and is in them surrounded closely by the yellc, nearly in 
the centre of which it* lies. During the development of 
the ovum, the germinal vesicle increases in size much less 
rapidly than the yelk, and comes to be placed near to its 
surface. Its size in the human ovum has not yet been ascer- 
tained, owing to the difficulty of isolating it; but it is 
pi '^bably about of an inch in diameter. It consists of 
a fine, transparent, structureless membrane, 'containing ^ 
clear, watery fluid, in which are sometimes a few granulei|j^ 
and at that part of the periphery of the germinal vesicle 
which is nearest to the periphery of the yelk is situated 
the^ germinal spot (macula germinativa), a finely, granulated 
subst^ince, of a yellowish colour, strongly, refracting the 
rays of light, and measuring, in the Mammalia generally, 
from yeW ‘stW of an inch (Wagner), 

* Eij;. 209. Ovum ctf ^he sow, after ^Barry. i. Germinal spot. 2. 
Germinal vesicle. 3. Volk. 4. Zon^ pollucida. 5. Discus proligerus. 
6 . Adherent granules or cells. t 
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Such ^ are the parts of which the Graafian follicle and 
its contents, including the ovum, are composed. The 
diagram (fig. 210) represents them in their relative posi- 
tions when mature. With regard to the mode and order 
of development of these parts there is considerable un- 
certainty ; but it seems most likely that the ovum is 
formed before the Graafian vesicle or ovisac. 

Fig. 210.* * 



With regard to the parts of the ovum first formed, it 
appears certain that the formation of the germinal vesicle 
precedes that of the yolk and zona pellucida, or vitelline 
membrane. Wiiether the germinal spot is formed first, 
and the germinal vesicle afterwards developed around it, 
(iannot be decided in the case of vertebrate animals ; but 
tlie observations of Kolliker and Bagge on the develop- 
ment of the ova of intestinal worms show that in these 
animals, the first step in the process is the produotipn of 
round bodies resembling the germinal spots of ova, the 

* Fig. 410. Diagram of a Graafian vesicte, containing an ovum. 1. 
Stroma or tissue of the pvaiy. 2 and 3. External and internal tunics 
of the Graafian vesicle. 4. of the vesicU . 5. Thick tunic ofi the 

ovum or yelk sac. 6. The 7* '^he germinal vesicle. Thu 

germinal spot. 
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germinal vesicles being ^subsequently developed around 
these in the form of transparent membranous cells. 

The more important changes that take place in the 
ovum next to th^ formation of these its essential com- 
ponent parts, consist in alterations of the size and position 
of these parts with relation to each other, and of the ovum 
itself with relation to the Graafian vesicle, and in the more 
complete elaboration qf the yelk. The earlier the stage of 
development the larger is the germinal vesicle in rela- 
tion to the whole ovum, and of the ovum in relation to 
the Graafian vesicle. For, as the ovum bcc*omeB mature, 
although all these parts increase in size, tlio ' Graafian 
vesicle enlarges most, and the germinal vesiede least. 
Changes take place also in the position of the i)art8. 
The ovum at first Occupies the centre of tlie Graafian 
vesicle, but subsequently is removed to its periphery. 
The germinal vesicle, too, which in 5'onng ova is in the 
centre of the yelk, is in mature ova found at the p('ri- 
phery. 

The change of position of the ovum, from the centre to 
the periphery of the Graafian vesicle, is possibly connected 
with the formation of the membrana granulosa which lines 
the vesicle.' For, according to Valentin, at a very early 
i^eriod, the contents of the vesicle between its wall and the 
(wum, are almost wholly formed of granules ; but in the 
process of growth a clear fluid collects in the centre of the 
vesicle, ^d the granules, which from tho first have a 
regular arrangement, are pushed outwards, and form the 
membrana granulosa. Now, as tho mature ovum lies em- 
bedded in a thickened portion of the mentbrana granulosa, 
it is possible that when the elementary parts of this mem- 
brane are pushed outwards, in the way just described, the 
ovum is carried with fhem from the centre tb the periphery 
of the follicle. While the changes here described take place, 
the zona pellucida increases in thickness. 
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According to Bischoff, the number of the granules of 
the yelk is greater the more mature the ovum, conse- 
quently the yelk is more opaque in the mature, and more 
transparent in the immature ova. The matter in which the 
granules are contained is fluid in the immature ova of all 
animals; in some it remains so; but in others, as the 
li^man ovum, it subsequently becomes a consistent gela- 
tinous substance. 

From the earliest infancy, and through the whole * fruit- 
ful period of life, there appears to be a constant formation, 
dovelojjment, and maturation of Graafian vesicles, with 
tlioir confained ova. Until the period of puberty, however, 
the process is comparatively inactive ; for, previous to this 
period, the ovaries are small and pale^ the Graafian vesicles 
in them are very minute, few in number, and probably 
never attain full development, but soon shrivel and dis- 
appear, instead of bursting, as matured follicles do; the 
contained ova are also incapable of* being impregnated. 
But, coincident witli the other changes which occur in the 
body at the time of puberty, the ovaries enlarge, and be- 
('ome very vascular, the formation of Graafian vesicles is 
more ab^dant, the sizo and degree of development attained 
by them are greater, and the ova are capable of beiiig 
fooundated. 


DUcharge of the Ovum, 

1 

In the process of development of individual vesicles, it 
has been already Observed, that as eacli increases in size, it 
gradually approaches the* surface of the ovaiy, and when 
fully ripe or mature, forms a little projection on the exterior. 
Coincident with the increase of size, caused by the augmen- 
tation of its liquid oontent8,#th0 extern^ envelope of the 
distended vesicle become fery thin and eventually bursts. 
By this means, the binip and contents of the Graafian 

3 A 2 
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vesicle are liberated, and escape on the exterior of the 
ovar}', whence they pass into the Fallopian tube, the fim- 
briated processes of the extremity of which are supposed 
coincidentally to grasp the ovary, while the aperture of the 
tube is applied to ' the part corresponding to the matured 
and bursting vesicle. 

In animals whose capability of being impregnated occurs 
at regular periods, W in the human subject, and most 
Mammalia, the Graafian vesicles and their contained ova 
aj)pear to arrive at maturity, and the latter to be discharged 
fit such j^fjriods only. But in other animals, e.g,, the 
common fowl, tlte formation, maturation, and discharge of 
ova appear to take place almost constantly. 

It lias long been known, that in the so-called oviparous 
animals, the separation of ova from the ovary may take 
place indopcndentl}" of impregnation by tlie male, or even 
of sexual union. And it is now established that a lilce 
maturation and discharge of ova, independently of coition, 
occurs in Mammalia, the periods at which the matured ova 
are separated firom the ovaries and received into the 
Fallopian tubes being indicated in the lower Mammalia, 
by the plienomena of heat or rut: in the human female by 
the phenomena of memtruation. Sexual desire manifests 
itself in the human female to a greater degi'ee at these 
periods, and in the female of mammiferous animals at no 
other time. If the union of the sexes take place, the 
ovum may be fecundated, and if no union occur it 



That this maturation and discharge occuf periodically, 
and only during the phenomena of heat in the lower Mam- 
malia, is made probable by the facts that, in all instances 
in which Graafian vesicles have been found presenting 
tlie appearaiSce of recent rupture, the animals were at the 
time, or h^ recently been, <n heat j that on the other 
hand, there is no authentic and detailed account of 
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GraaRatL vesicles being found ruptured in the inteiTals of 
the periods of heat ; and that female animals do not admit 
the males, and never become impregnated, except at those 
periods. 

Many circumstances make it probable that the liuman 
female is subject, in these respects, to the same law as the 
females of otlier mammiferous animals; namely, tliat in 
lier as in them, ova are matured and, discharged from the 
ovary independent of sexual union, and that this matura- 
tion and discharge occur periodically at the epochs of 
menstruation. Thus Graafian vesicles recently ruptured 
liave been frc(j[uently seen in ovaries of virgins or women 
who could not havo been recently impregnated, and 
although it is true that the ova discharged under these 
circumstances have rarely been discovered in the Fallopian 
tube,* partly on account of their minute size, and partly 
because the search has seldom been prosecuted with much 
care, yet analogy forbids us to doubt that in the liuman 
lemalc, as in the domestic quadrupeds, the result and 
purpose of the rupture of the follicles is the discharge of 
the ova. 

The evidence of the periodical discharge of ova at the 
epochs of menstruation is first, that nearly aU authors who 
liave touched on the point, agi’ee that no traces of follicles 
having burst are ever seen in the -ovaries before puberty 
or the first menstruation; secondly, that in all cases in 
wliich ovarian follicles have been found burst, indepen- 
dently of sexual intercourse, tlie women were at the time 
menstruating, or had very recently passed through the 
menstrual state; thirdly, that although conception is not 
confined to the periods of menstruation, yet it is more 
likely to occur within a few days after the cessation of the 


* See, however, the reepfd 0 # two such cas||» by Dr. Letheby, in the 
riiilobOphieal TransacUoal^ 1361. 



72(5 GENEEATION AND DEVELOPMENT. 


menstrual than at other times; and, lastly, that 

the ovaries of the human female become turgid and vas- 
cular at the menstrual periods, as those of animals do at 
the time of heat. 

From what has been said, it may, therefore, be concluded 
that the two states, heat and menstruation, are analogous, 
and that the essential accompaniment of both, is the matu- 
ration and extrusion of oya. In both there is a state of 
active congestion of the sexual organs, sympathising with 
the ovaries at the time of the highest degree of develop- 
ment of the Graafian vesicles; and in both, the crisis 
of this state of congestion is attended by a discharge of 
blood or mucus, dr both, from the external organs of gene- 
ration. 

The occurrence of a menstrual discharge is one of the 
most prominent indications of the commencement of 
puberty in the female sex; though its absence even for 
several years is not necessarily attended with arrest of the 
other characters of this period of life, or with inaptness 
for ‘sexual union, or incapability of impregnation. The 
average time of its first appearance in females of this 
country and others of about the same latitude, is from 
fourteen to, fifteen ; but it is much influenced by the kind 
of life to which girls are subjected, being accelerated by 
habits of luxury and indolence, and retai’ded by contrary 
conditions. On the whole, its appearance is earlier in 
persons dwelling in warm climes than in those inhabiting 
colder latitudes; though the extensive investigations of 
Mr. Roberton show' that the influence of temperature on 
the development of puberty has been exaggerated. Much 
of the influence attributed to climate appears duo to the 
custom prevalent in many hot countries, as in Hindostan? 
of giving girls . in manage at a very early age, and in- 
ducing sexual excitement previous to the proper menstrual 
time, The mensfcra^ functioifB continue through the 
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whole fruitful period of a woman’s life, and vaually cease 
hetw'een tlie forty-fifth, and fiftieth years. 

Tho several menstrual periods usually occur at intervals 
of a lunar month, the duration of each being from three 
to six days. In some women the intervals are as short as 
three weeks or even less ; while in others they are longer 
tlian a month. The periodical return is usually attended 
by pain in the loins, a sense of fatigue in the lower limbs, 
and other symptoms, which are different in different indi- 
viduals. Menstruation does not usually occur in pregnant 
women, or in those who are suckling ; but instances of 
its occuiy:ciice in both these conditions are b/ no means 
rare. 

The menstrual discharge consists of blood effused from 
the inner surface of the uterus, ajid mixed with muCus 
from the uterus^ vagina, and external parts of the gene- 
rative apparatus. Being diluted by this admixture, the 
menstrual blood coagulates less perfectly than ordinaiy 
blood; and the frequent acidity <5f the vaginal mucus 
tends still further to diminish its coagulability. This lias 
led to the erroneous supposition that tho menstrual blood 
contains an unusually small quantity of fibrin, or none at 
all. Tho blood-corpuscles exist in it in their natural state : 
mixed with them may also bo found numerous scales of 
epithelium derived from the mucous, passages along which 
the discharge flows. 


Corpus Luteum, 

Immediately^ before, as well as subsequent to, the rup- 
ture of a Graafian vo^cle, and the escape of its ovum, 
certain changes ensue in the interior of the vesicle, which 
result in the production of a yejlowish mass, termed a 
corpus Jutenm, 

When fully foria6<| th# corpus luteum of mammi&rous 
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animals is a roundish ’solid body, of a yellowish or orange 
colour, and compos^ of a^ uuinber of lobule^, \ijhich sur- 
round, sometimes a small cavity, but more frequently a 
small stelliform mass of white substance, from which deli- 
cate processes pass as septa between the several lobules. 
Very often, in the cow and sheep, there is no white sub- 
stance in the centre of the corpus lutcum ; and the lobules 
^ projecting from the opposite walls of the Graafian vesicle 
appear in a section to be separated by the thinnest possible 
lamina of semi-transparent tissue. 

When a Graafian vesicle is about to burst and expel the 
ovum, it becomes highly vascular and opaque ; and, im- 
mediately before the rupture takes place, its walls appear 
thickened on the interior by a reddish glutinous or 
fleshy-looking substanco. Immediately after the rupture, 
the inner layer of the wall of the vesicle ajipears pulpy and 
floeculent. It is thrown into wrinkles by the contraction 
of the outer layer, and, soon, red fleshy mammillary pro- 
cesses grow from it, and granually enlarge till they nearly 
fill the vesicle, and even protrude from the orifice in the 
external covering of tho ovary. Subsequently this orifice 
closes, but the fleshy growth within still increases during 
the earlier period of pregnancy, the colour of the substance 
gradually changing from red to yellow, and its consistence 
becoming firmer. 

The corpus luteum of the human female (fig. 2 1 1) differs 
from that of the domestic quadruped in being of a firmer 
texture, and having more frequently a persistent cavity 
at its centre, and in the steUiform cicatrix, which remains 
in the cases where the cavity is obliterated,- being propor- 
tionately of much larger bulk. The quantity of yellow 
substance formed is also much less : and, although the 
deposit increases after the vesicle has burst, yet it does not 
usually form mammillary growths projecting into the cavity 
of the vesicle, and ndVer protrudes from the orifice, as is 
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the case in other Mammalia. It maintains the character 
of a uniform, or nearly uniform, layer, which is thrown into 
wrinkles, in consequence of th^ contraction of the external 
tunic of the vesicle. After the orifice of tlie vesicle has 
closed, ^the growth of the yellow substance continues 
during the first half of pregnancy, till the cavity is reduced 
to a comparatively small size, or is obliterated ; in the latter 
case, nearly a white stelliform cicatri:^ remains in the centre , 
of the corpus lutcum. 
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An effusion of blood generally takes place into the cavity 
of the Graafian vesicle at the time of its rupture, especially 
in the human subject ; but it has no share in forming the 
yellow body ; it gradually loses its colouring matter, and 
acquires the character of a mass of fibrin. The serum of 
the blood sometimes remains included within a cavity in 
the centre ef the coagulum, and then the decolorized fibrin 
forms a membraniforiii sac, lining the corpus luteum. At 

^ 

* Fig 2n. Corpora lutoa of different periods, b. Corpus luteum of 
shout the sixth week after impregnation, sltowing its plicated form at 
tliat period, i. Substance of the ovary. 2. Substance of the corpus 
luteum. 3. A greyish c^ulftm in its cavijt3% After Dr. PatorsO)i. 
A. Corpus luteum, two days after deliver5^ D. In the twelfth week 
after delivery. After Dj. Montgoi.^ery. • 
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other times the serum is removed, and the fibrin consti- 
tutes a solid stelliform mass. 

The yellow substance of which the corpus luteum con- 
sists, both ill the human subject and in the domestic 
animals, is a growth'from tlie inner surface of the Graafian 
vesicle, the result of an increased development of .the, cells 
funning the membrana granulosa, which naturally lines 
the internal tunic of t^e vesicle. 

c % 

Tlie first cliangos of the internal coat of the Graafian 
vesicle in the process of formation of a corpus luteum, seem 
to occur in every case in which an ovum escapes; as well 
in the hurahn subject as in tho domestic quadrupeds. If 
tlie ovum is impregnated, the growth of the yellow sub- 
stance grows on during nearly the whole period of gestation, 
and forma the large corpus luteum commonly described as 
a characteristic mark of impregnation. If the ovum is 
no impregnated, the growth of; yellow substance on the 
internal surface of the vesicle proceeds, in the human ovary, 
no further than the formation of a thin layer, which shortly 
disappears ; but in the domestic animals it continues for 
some time after the ovum has perished, and forms a corpus 
luteum of considerable size. The fact, that a structure, in 
its essential characters similar to, though smaller than, a 
corpus luteum observed during pregnancy, is form^ in the 
human subject, independent ^^f impregnatibn or of sexual 
union, coupled with the varieties in* size of corpora lutea 
formed during pregnancy, .necessarily renders unsafe all 
evidence of previous impregnation founded on the existence 
of' a corpus luteum in the ovary. 

The following table by Dalton, expresses well the dif- 
ferences between the corpus luteum of the pregnant and 
uuimpregnated condition respectively. 
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ConPTTs Lutetjm of, Men- Cuiiprs Luteum of Pkeo- 

STTlOATrON. NANCY. 

At Hie end ^ Throc-qiiarters of an inch in diameter; central clot 
three weeJes \ reddish ; convoluted wall pale. 

One month i Smaller ; couvoliitod Larger; ooiivfphitcd wall 
wall bright yellow ; briglit yellow ; clot still 
clot still reddish. reddish. 

Tiro months I hedunod to the condition Seven-eighths of an inch in 
of an insignificant diameter ; convoluted wall 
cicatrix. ' •bright yellow'; clot pcr-» 

fcctly decolorisal. 

S'Umonths Absent. Still as large as at end of 

second montli ; clot fibri- 
nous ; coitvoluted wall 
paler. 

Nine months j Absent. One-half an inch in dianic- 

t('r ; central clot converted 
, i]ito a radiating cicatrix ; 
the external wall tolerably 
thick and co]ivoIuted,.but 
w'ithout any bright yellow 
colour. 

IMPfiEGNATION OF THE OVUM. 

Male Sexual Functions, 

Tlie fluid of the male, hy ivliicli tho oviiiri is impregnated, 
consists essentially of the semen secreted by the testicles ; 
and to this are added, as necessary,, perhaps, to its perfec- 
tion, a material secreted by the vesiculro seminales, in 
which, as in reservoirs, the semen lies before its discharge, 
as well as the secretion of the prostate gland, and of 
C^owper’s glands. Portions of these several fluids axe, 
probably, all dischai’ged, together with the proper secre- 
tion of the testicles. , 

The secreting structure of the testicle is disposed in two 
contiguous parts, ( I ) the body of tl^e testicle enclosed within 
a tough fibrous membrane, the tuTtica albuginea, on tho 
outer surface of whio^!, iS the serous covering formed by 
the tunica vaginalis, and (2) the epididymis. The vas deferens, 
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the main trunk of the secreting tube, when followed back 
to its origin, is found to pass to the lower part of the epi- 
didymis, and assumes there a much less diameter with 
a very tortuous course : with its various convolutions it 
forms first the mass named ylohus minor, then the body, and 
then tiie globus mnjor of the epididymis. At the last-named 
l)art, tJie duct divides into ten or twelve small branches, 
^tho convolutions of which form coniform masses, named coni 
msculofii ; and the vessels continued from these, the vasa 
efferentia, after anastomosing, one Muth another^ in what is 
called the rete testis, lead finally through the tubuli recti or 
vma recta to the tubules which form the proper substance of 
tiie testicle, wherein they are arranged in lobules, closely 
packed, and all attached to the tough 
fibrous tissue at the back of the testicle. 

The ssminal tubes, or tuhidi seminiferi, 
which compose the proper substance 
of the testicle, are fine thread-like 
tubules, formed of simple homogene- 
ous membrane, measuring on an 
average 

in diameter, and lined with epithe- 
lium or gland-cells. Rarely branching, 
they extend as simple tubes through 
a great length, with the same uniform 
structure, and probably terminate 
either in free closed extremities or in 
loops. Their walls are covered with fine capillary blood- 
vessels, throiigh which, reckoning their great extent in 

Fig. 212 . Plan of a vertical section ftf the testicle, showing the 
aiTangimicnt of the ducts. The true length and diameter of the .dacts 
]wiv(i been disregarded, a, ct,^jtuhuli seminiferi coiled up in the separate 
lobes; tuhuli recti or vasa recta; c, rete testis ; d, vasa efferentia 
ending in the coni vasdiUosi ; I, e,g, convoluted canal of the epididymis; 
h, vas deferens ;/, section of the bock part of the tunica albuginea ; i, i, 
fibrous procesises running between the lobes ; s, mediastinum. 
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* Big. 213, A, spennalic iila- 
inputs from llie luiinan vas ileforons 
(from Kbllikor). 1, magniiied 350 
diameters; 2, inaginlioil 800 dia- 
meters; a, from the side; I, from 
above. H, .«<perma,tic cells and 
spermatozoa of the bull umlergoing 
development (from (Kblliker) *V'. 
I, spermatie cells, with one or two 
nuclei, one of tlipm clear; 2, 3, fieo 
nuclei, with spermatic lilaments 
forming ; 4, the filaments olongate-d 
and the body widened ; 5, filaments 
nearly fully developed. C, escajie 
of the si)ermatozoa from their cells 
in the same animal, i, spermatic 
cell containing the spermatozoon 
coiled up within it ; 2, the ceUs elon- 
gated by the partial uncoiliug of the 
spermatic lilameiit; 3, a cell from 
which the filament has in part be- 
come free ; 4, the same with the 
bod/ also partially free ; 5, sperraa- 


tozoon from the cpitlidymis with vestiges of the cell adherent ; 6, sper- 
matozoon from the vas diefereVs, showing the small enlargement, i, on 


the filament. 
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comparison with, the size of the spermatic artery, the 
blood must move very: slowly. 

The seminal fluid secreted by the testicle is one of those 
secretions in which a process of development is continued 
after its formation by the secreting cells, and its discharge 
from them into the tubes. The principal part of this de- 
velopment consists in the formation of the peculiar bodies 
^ i\?i\\\Q 6 .se}ninalfila 7 a€}il^ spermatozoa or spermatozoids (fig. 2 1 3) 
the compleio development of which, in their full propor- 
tion of niiinbor, is not achieved till tho semen has reached, 
()r has for some time lain iu, the vesiculse seminales. 
Earlier, after its first secretion, the semen contains ftone of 
these bodies, but granules and round corpuscles (seminal 
(’orpuscles), like large nuclei, enclosed within parent-cells 
(fig. 213). Within reach of these corpuscles, or nuclei, a 
seminal filament is developed, by a similar process in 
nearly all animals. Each corpuscle, or nucleus, is filled 
with granular matter ; this is gradually converted into a 
spermatozoid, which is at first coiled up, and in contact 
with the inner surface of the wall of tho coipuscle (fig. 2 1 3, 
I)- 

Thus developed, tho human seminal filaments consist of 
a long, slender, tapering portion, called tlie body or tail, 
to distinguish it from the head, an oval or pyriform por- 
tiorj. of larger diameter, flattened, and sometimes pointed. 
They are from 5 i^otli to ^iuth of an inch in length, the 
length of the head alone being from to -^^osth. of 

an inch, and its width about half as much. They present 
no trace of structure, or dij^milar organs ; a dark spot 
often observed in the head,"^& probably due to its being 
concave, like a blood corpuisole. They move about in the 
fluid like so many minute corpuscles, with each a ciliary 
process,, lashing itieir tails, and propelling their heads 
forwards in vaiious linos. Hieir igaovement, wliich is pro- 
bjSbly essentially, as wSU as apparently, similar to that of 
ciliary processes, appears uoarjy! independent of external 
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conditions, provided the natural density of the fluid is pre- 
served; disturbing this condition, by either evaporating 
the semen or diluting it, will stop the movement. It 
may continue within the body of the female for seven or 
eight days, and out of the body for at least nearly twenty- 
four hours. The direction of the movement is c^uite un- 
certain : but in general, the current that 'each excites 
keeps it from tlie contact of others.* The rate of motion, , 
according to Viilentin, is about one inch in tliirteen 
minutes. 

Respecting the purpose served by the^se seminal fila- 
ments, •or concerning their exact nature, little that is 
certain can be said. Their occurrence in the impregnating 
fluid of nearly all classes of animals, proves that they are 
essential to the process of impregnation ; but beyond this, 
and that their contact with the ovum is necessary for its 
development, nothing is known. 

The seminal fluid is, probably, after the period of puberty, 
secreted constantly, though, except under excitement, very 
slowly, in the tubules of the testicles. From these it passes 
along the vasa deferentia into the vcsiculm seminales, 
whence, if not expelled in emission, it may be discharged, 
as slowly as it Outers them, either with the urine, which 
may remove minute quantities, mingled with the mucus of 
tlie bladder and the secretion of the* prostate, or from tho 
urethra in the act of defecation. 

The vesicula seminales have the appearance of out-growths 
from the vasa deferentia. Each vas deferens, just before 
it enters prostate gland, through part of which it 
passes to terminate in the urethra, gives off a side-branch, 
which bends back from it at an acute angle; and this 
branch dilating, variously branching, and pursuing in both 
itself and its branches a tortuous course, constructs the 
vesicula seminalis. ^ach of the vesiculm, therefore, might 
be unravelled into single branclung tube, sacculated, 
convoluted, and folded up. . 
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The mucous membrane lining the vesiculm seminales, 
like that of the gall-bladder, is minutely wrinkled and “set 
with folds and ridges arranged so as to give it a finely 
reticulated appearance. The rest of tlioir walls is formed, 
chiefly of a layer of organic muscular fibres, from which 


Fiff, 214.* 



they derive contractile imwer for the expulsion of their 
(..ontents. 

To the vesiculm seminales a double function may be 
assigned; for they both secrete some fluid to be added to 


* Fig. 214. Dissection of the base of tlie bladder and prostate gland, 
i-bowiiig the vosiculse seminales and vasa dcferentia‘>(from Haller). — 
lower surface of the bladder at the place of reflexion of the peritoneum ; 

tii6 part above covered by the peritoneum ; i, left vas deferens, ending 
in e, the ejaculatory duct ; the vas deferens has been divided near f, arid 
all except the vesicle portion has been taken away ; s, left vesicula 
settiiiialis joining the same duct ; «, s, ^,he right vas deferens and right 
vesicula seminalis, wliiofl has been unravelled ; p, under side of the 
prostate gland ; w, part of the urethra ; ^6, u, the ureters (cut short 
near h), the riglit one turned aside, * 
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that of the testicles, and serve as reservoirs for the seminal 
fluid. The former is their most constant and probably 
most important oiflco ; for in the horse, bear, guinea-pig^, 
and several other animals, in whom the.vesiculee seminales 
are large and of apparently active function, they do not 
communicate with the vasa deferentia, but pour their 
secretions, separately, though it may be simultaneously, 
into the urethra. In man, also, whdh one testicle is lost, • 
the corresponding vesicula seminalis suffers no atrophy, 
though its function as a reservoir is abrogated. But how 
the vesiculsD seminales act as secreting organs is jinknown ; 
the peculiar brownish fluid which they contain after death 
does not properly represent their secretion, for it is different 
in appearance from anything discharged during Hfe, and 
is mixed with semen. It is nearly certain, however, that 
their secretion contributes to the proper composition of the 
impregnating fluid ,* for in aU the animals in whom they 
exist, and in whom the generative fiyictions ore exercised 
at only one season of the year, the vesiculse seminales, 
whether they communicate with the vasa deferentia or not, 
enlarge commensurately with the testicles at the approach 
of that season. 

That the vesiculfe are also reservoirs in which the semi- 
nal fluid may Ue‘ for a time previous to its discharge, is 
shown by their commonly containing the seminal filaments 
in larger abundance than any portion of the seminal ducts 
themselves do. The fluid-like mucus, also, which is often 
discharged from the vesicular in straining during defeca- 
tion, commonly contains seminal laments. But no reason 
can be given wlty this office of the vesiculse should not be 
equally necessaiy to all* the animals whose testicles are 
organized like those of man, or why in many animals the 
vesicuhe are wholly absent. * 

There is an equally complete want, of information re- 
specting the secretiohl' of the prostate and Cowper’s 
glands, their nature and purpo93S. That they oontribtite to 

• .'8b 
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the right composition of the impregnating fluid, is shown 
both by the position of the glands and by their enlarging 
with the testicles at the approach of an. animal’s breeding 
time. But that they contribute only a subordinate part is 
shown by the fact, that, when the testicles are lost, though 
these other organs be perfect, all procreative power ceases. 

The mingled secretions of all the organs just described, 
form the semen orwsdminal fluid. Its corpuscles have been 
already described (p. 734) : its fluid part has not been 
satisfactorily analysed : but Henle says it contains fibrin, 
because shortly after being discharged, flocculi form in it 
by spontaneous . coagulation, ^and leave the rest of it 
thinner and more liquid, so that the filaments move in it 
more actively. 

Nothing has shown what it is that makes this fluid with 
its corpuscles capable of impregnating the ovum, or (what 
is yet more remarkable) of giving to the developing ofi- 
spring all the characters, in features, size,, mental dispos- 
tion, and liability to disease, which belong to the father. 
This is a fact wholly inexplicable : and is, perhaps, only 
exceeded in strangeness by those facts which show that 
the seminal fluid may exert such an influence, not only on 
the ovum which it impregnates, but, through the medium 
of the mother, on many which are subsequently impreg- 
nated by the seminal fluid of another male. It has been 
often observed, for example, that a well-bred bitch, if she 
have been once impregnated by a mongrel dog, will not 
bear thorough-bred puppies in the nett two or three 
litters after that succe^ing the copulation with the 
mongrel. But the best instance of tbe*kind was in the 
case of a mare belonging to Lord Morton, who, while he 
was in India, wished to obtain a cxoss^breed between the 
horse and ^agga, and rarused this majre to be covered by 
a male quagga. "fhe foal that she next bore had distinct 
^ marks of the quagj^ in the shape of its head, black bars 
on the legs and imoulders, and other characters. After 
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this time she was thrice ccfvered by horses, and every time 
the foal she bore had still distinct, though decreasing, 
marks of the quagga; the peculiar characters of the 
quagga being thus impressed not only on the ovum then 
impregnated, but on the three following ova impregnated 
by horses. It would appear, therefore, that the constitu- 
tion of an impregnated female may become so altered and 
tainted with the peculiarities of the. impregnating male, , 
through the medium of the foetus, that she necessarily 
imparts such peculiarities to any offspring she may sub- 
sequently bear by other males. Of the direct means by 
which 9 peculiarity of structure on the part oi a male is 
thus transmittied, nothing whatever is known. 

DEVELOPMENi;. 

Changes in the Ovum previous to the Formation of the Embryo. 

Of the changes which the ovum undergoes previous to 
the formation of the embryo, some occur while it is still in 
the ovary, and are apparently inSependent of impreg- 
nation : others take place after it has reached the Fallo- 
pian tube. The knowledge we possess of these changes 
is derived almost exclusively from observations on the 
ova of mammiferous animals, especially the bitch and 
rabbit; but it may be inferred that analogous changes 
ensue in the human ovum, 

Bischoff describes the yelk of an ovarian ovum after 
coitus as being unchanged in its characters, with the single 
exception of b eing fuller and more dense; it is still 
granular, a^ before, and does not possess any of the cells 
subsequently found in it. The germinal'vesicle always 
disappears, sometimes before the ovum leaves the ovary, 
at other times not until it has entered the Fallopian tube ; 
but always before the commencemetit of the metamorphosis 
of the yelk. , 

As the ovum apprimches the mi^^e o£ the Fallrfj^^ian 
tube, it begins to receive a n-.w investment, consisiiing of 
• > 3 B 2 
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a layer of transparent albuminoiis or glutinous substance^ 
which forms upon the exterior of the zona pellucida. It is 
at first exceedingly fine, and owing to this, and to its 
transparency, is not easily recog- 
nized : but at the lower part of the 
P'allopian tube it acquires consider- 
able thickness. 


215.^ 


About this time, that is to say, 
daring its passage through the Fal- 
lopian tube, a very remarkable 
change takes place in the interior 
of the ovum. The whole yelk be- 
comes constricted in the middle, 
* and surrounded by a furrow, which, 
gradually deepening, at length cuts 
the yelk in half, while the same 
^ process begins almost immediately 
in each half of the yelk, and cuts 
it also in two. The same process 
is repeated in each of the quarters, 
and so on, until at last by continual 
cleavings the whole yelk is changed 
into a mulberry-li}ce mass of small 
and more or less rounded bodies, 
sometimes called ^‘vitelline spheres,” 
the whole still enclosed by the fsona 
pellucida or viteUine^i membrane (fig. 
215). Each of these little spherules contains a transparent 
vesicle, like an oil-globule, which is seem wijQlt 
on acoaunt of its being enveloped by the y^-granules 
which adhere dosely to its surihoe. 

The cause of this singular subdivision of the yelk is 




■M#- 


* Pig. 215. Diagrams of the various stages of cleavage of the ,^k 
after Dalton). 
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quite obscure : though the immediate agent in its produce 
tion seems to be the central vesicle contained in each 
division of the yelk. Originally there Tvas probably but 
one vesicle, situated in the centre of the entire granular 
mass of the yelk, and probably derived from the germinal 
vesicle. This, by some process of multiplication, divides 
and subdivides : then each division and subdivision attracts 
around itself, as a centre, a certaiir portion of the sub- 
stance of the yelk. 

About the time at which the mammifmrous ovum reaches 
the uterus, the process of division and subdivigion of the 
yelk ap|)ears to have ceased, its substance having been 
resolved into its iiltimate and smallest divisions, while its 
surface presents a uniform findy-granular aspect, instead 
of its late mulberry-like appearance. The ovum, indeed, 
appears at first sight to have lost all trace of the cleaving 
process, and, with the exception of being paler and more 
translucent, almost exactly resembles the ovarian ovum, 
its yelk consisting apparently of a confused mass of finely 
granular substance. But on a more careful examination, 
it is found that these granules are aggregated into 
numerous minute spherical masses, each of which contains 
a clear vesicle in its centre, but is not, at this period, 
provided with an enveloping membrane, and possesses 
none of the other characters of a cell. The zona pellucida, 
and the layer of albuminous matter surrounding it, have 
at this time the same character as when at the lower part 
of the Fallopian tube. 

The time occupied in the passage of the ovum, from the 
ovary to the utfaus, occupies probably eight or ten days in 
the human female. ' 

Shortly after this, important changes ensue. Each of 
the several globular segments of\he yelk becomes sur- 
rounded by a membrane, is thus converted into a cell, 
the nucleus of which is formed by central vesicle,* the 
contents by the granular matter originally composing the 
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globule: these granules usually arrange themselves con- 
centrioally around the nucleus. When the peripheral cells, 
which are formed first, are fully developed, they arrange 
themselves at the mirface of the yelk into a kind of mem- 
brane, and' the same time assume a pentagonal or 
hexagonal shape from Inutual pressure, so as to resemble 
pavement- epithelium. As the globiilar masses of the 
interior are graduatty^ converted into cells^ they also pass 
to the surface and accumulate tliere, thus increasing the 
thickness of the membrane already formed by the more 
superficial dayer of cells, while the central part of the yelk 
remains filled only with a clear fluid. By this means the 
yelk is shortly converted into a kind of secondary vesicle, 
the walls of which are composed externally of the original 
vitelline membrane, and within by the newly-formed 
cellular layer, the hlastodern^ic or germinal membrane, as it 
is called. Very soon, however, the latter, by the develop- 
ment of new cells, increases in thickness, and splits into 
two layers, so that now the ovum has three coats. The 
vitelline membrane on the outside, and, within this, the 
ovter and the inner layers of the blastodermic membrane. 

Of the last-named layers, the superior or ovter, which 
lies next to the zona pellucida or vitelline membrane, is 
called the seroue layer ; from it are d^eloped the organs 
of the animal system of the body, e.g,, the bones, muscles, 
^d integuments. The inferior or inner layer, in contact 
with the yelk itself, is named the mucoue layer, and serves 
for the formation of the internal or visceral system of 
pigans. 

Chafi^4k‘0/ the Ommt uiihin tlie ^Uterus, 

Very soon after its formation, and division into two 

bla stodem^ presen|s at 

on. its suiface an opag^e rpundish spot# 
pr^uced by an accomulation of cells and nuclei of cells, 
of less transparency than elsewhere* This space, tho 



THE LAMINA DOESALES. 


743 



or germinal area, is the part at which 
the jembryo first appears. 

At first the area germinativa has a rounded form, but 
it soon loses this and becomes pig 

oval, then pear-shaped, and — ^ 

while this change in form is j 
taking place, there gradually | 
appears in its centre a clear 
space or area jyelliicidcL (fig. 

216), bounded externally by 
a more opaque circle, the 
obscurity being due to the 
greater accumulation of nu- 
cleated cells and nuclei at 
that part than in the area pellucida. 

The first trace of the embryo in the centre of the area 
pellucida consists of a shallow groove or channel, the 
nrimit ive. groove (fig. 216), formed of the external or 
serous fold of the germinal membrane, the groove being 
wider at its anterior or cephalic extremity, and tapering 
towards the opposite extremity. 

Coincidently with the formation of the primitive groove, 
twp^ovaj masses uf ,ceUs^Jhe^irtmi7i.a do»^^^ appear, one 
on each side of the groove. At first scarcely elevated above 
the plane of the germinal membrane, they soon rise into 
two prominent masses, the upper borders of which gradually 
tend towards each other, turning inwards over the primi- 
tive groove. The parts from opposite sides then unite, 
and convert the primitive groove into a tube, large and 
rounded in front, narrow and lancet-shaped behind, which 
is the central ^al of ^e cerebro-spinal axis, and contains 
the rudimental spinal cord and brain, which axe developed 
in its interior (fig. 217). • 

Tig. 216. (After Daltoni) Impregnate^ egg, with commenceinent 
of formation of embryo ; eh<^iag the area germinativa ot exAbryonic 
spot, the area pollnci^, and the prrinitive groove or trace. ^ 
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Immediately beneath, and in a line parallel with the 
primitive groove, may be seen, about the ,^me time, a 
narrow linear mass of cells, the cAorda which 

forms the basis around which the bodies of the vertebrae 
are developed. The development of this column is early 
Fig. 217.* 



indicated by the appearance of a few square, at first in- 
distinct, plates, the rudiments of vertebrae (fig. 217, n), 
which begin to appear at about the middle of each dorsal 
lamina. 

* Eig. 217. Portion of the gemiinal membrane, with nidiments of 
the embryo ; from the ovnm of a bitch. The primitive* gniovd. A, is not 
closed, and at its upper or cephalic end presents three dilatations 
n, which coiTespond to the three divisions or vesicles of the brain. At 
3 ts lower extremity the groove presents a lancot'Sbapod dilatation (sinus 
rhomboidalis) c. The msrgins of the groove consist of clear pellucid 
nerve-eubstance. Aloug the bottom of groove is observed a faint 
streak, 'ftrhich is probably the chorda dorsalis, n. Vertebral plates 
^X«fter Bisehoff') 
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While the dorsal laminso are closing over the primitive 
groove^ thickened prolonga- 
tions of the same serous layer 
are given off from the lower 
margin of each of them, and 
are named lamina viscerates 
seu ventrales. These visceral 
laminsD by degrees bend 
downwards and inwards, and 
at length, enclosing a part of 
the yelk, unite and form the 
anterio)* walla of the trunk — 
enclosing the abdominal cavity below, as the dorsal plates 
enclose the cerebro-spinal canal above. 

• 

Umbilical Vesicle, 

The ventral laminoo, as they extend downwards and in- 
wards, at first proceed on the sai^e plane with the iimer 
layer of the germinal membrane, which immediately lines 
them. Soon, however, they show a tendency to turn in- 
wards, so as to constrict the yelk, and enclose only a part 
of it ; and soon afterwards the yelk and the inner layer of 
the germinal membrane that contains it, are separated into 
two portions, one of which is retained, within the body of 
the embryo, while the other remains outside, and receives 
the name of the umbilical vesicle (v, fig. 219). The cavity of 
the latter communicates for some time with that of the 
abdomen, through what is called the umbilicus, by means 
of a gradually narrowing canal, called the vitelline duct ; the 
interior of the abdomen and that of the umbilical vesicle 
being lined by a continuous layer of the inner stratum, or 
mucous layer of the germinal membrane 1 while around 
both of them is a continuation of fixe outer, or serous layer 

* Eig. 218 . ‘Diagram showing vascular area in the chick, a. Area 
pclhicido. h. Area vasyuloaa. c. Area vitellina. ^ 
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(fig. 219). From that portion of the mucous layer which 
is now enclosed within the body of the embryo, the intes- 
tinal canal is developed. 


Fig, 219.* 



Thus, by the constriction which the fold of germinal 
membrane, in which the abdominal walls ore formed, pro- 
duces at the umbilicus, the body of the embryo becomes 

* Pig. 219. Diagrammatic .section showing the relation in a mammaJ 
and in man between the primitive alimentary canal and thp^membranes 
of the ovum. The stage represented in this diagram emresponds to 
that of the fifteenth or seventeenth day in the hmiuin embVyo, previous 
to the expansion ef the allantois : c, the villous chorion ; a, the amnion ; 

the place of convergence of the amnioli and reflection of the false 
anmioii a'', a!\ or outer or corneous layer ; e, the head and trunk of the 
embryo, comprising the primstiyevcrl^no and cercbro-i^nal axis ; t, 
the simple aliipentary canal in its upper and lower portions ; r, the yelk- 
or umbilical vesicle 4 u i, the vilAllo-iiitostlnal ^^ening ; 

; allantois connected by a pedicle with the anal portion orthe alimentary 
canal. 4 
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in great measure detadicd jErom the yelk-sac or umbilical 
vesicle, thougb the cavity of the rudimentary intestine 
still communicates with it through the vitelline or omphalo- 
mesenteric duct, and contains part of the yelk substance 
with which the vesicle was Med. The yelk-sac contains, 
however, the greater part of the substance of the yelk, 
and furnishes a source whence nutriment is derived for 
the embryo. In birds, the content)? of the yelk-sac afford, 
nourishment until the end of incubation : but in Mam- 


malia, the office of the corresponding umbilical vesicle 
ceases at a very early period, the cpiantity of ^elk is small, 
and tlie embryo soon becomes independent of it by the 
connections it forms with the parent. Moreover, in birds, 
as the sac is emptied, it is gradually drawn into the abdo- 
metL through the umbilical openin'^, which then closes over 
it : but in Mammalia it always remains on the outside ; 
and as it is emptied it contracts (fig. 220), Fig. 220,* 
shi'ivels up, and together i^itli the jpart of 
its duct external to the abdomen, is de- 
tached and disappears either before, or 
at the termination of iutra-uterino life, 
the period of its disappearance varying in 
different orders of Mammalia. 

When blood-vessels begin to be de- 
veloped, they ramify largely over the 
walls of the umbilical vesicle, and are actively concerned 
. in absorbing its contents and conveying them away for the 
nutrition of tho embiyo. 



The Amnion and Allantois. 


At an early stage of development of the' foetus, and some 
time before the completion of the changes which have been 
just described, two important strictures, called respectively 


* Fig. 22oi Human embrVo with umbilical vesicle ; about*the fifth 
Veek (after Dalton). , * ^ 
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the amnion and the allantois^ begin to be formed — the am- 
nion being developed by tlie external, and the allantois by 
the internal layer of the blastodermic membrane. 

The amnion is i)roduced in the fol- 
lowing manner : — The external layer 
of the blastodermic membrane is raised 
up ill the form of a fold around the 
body of the embryo, so that the latter 
appears as if sunk in a kind of de- 
pression, with the outer layer of the 
membrane raised up wall-like around 
it. On section, the appearance is that represented in 
fig. 221. 

Soon the edges of the fold rising higher and higher 
above and around the ‘embryo, coalesce over it ; and the 
double layer of membrane at their place of junction being 
absorbed, the two layers of which the fold was originally 
made up are separated from each other (figs. 223, 224). The 
inner of the two forms the amnion, and remains continuous 
with the integument of the foetus at the umbilicus ; while 
the outer layer, receding farther and farther, is fused and 
forms one with the inner surface of the original vitelline 
membrane, Which in the meantime has undergone various 
alterations to be immediately described (p. 751). 

As the term of pregnancy advances, the amnion becomes 
more and more sepamted from the body of the footus by a 
considerable quantily of fluid, the so-called liquor amnii. 

During the process of development of the amnion, the 
allantois (c, fig, 222) begins to be formed. Growing out 
i'rom, or near the hinder portion of the intestinal canal, with 
which it communicates, it is at first h pear-shaped mass of 
cells ; but becoming vesicular and very soon simply membra* 
nous and vascular, it insiiftiates itself between the amniotic 

folds, just described, and comes «into dose contact 

^ , ■ 

^ Fig. 221. Diagram of fecuudated egg (after Dalton), d, 
icalvesiele; fc, amniotie cavity ; c, allatitois. * 
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union with the outer of the’ two folds, which has itself, as 
before said, become one with the external investing mem- 
brane of the egg. As it grows, the pig, 222.* 
allantois becomes exceedingly vascu- 
lar, and in birds (fig. 222), envelopes 
the whole embryo — taking up vessels, 
so to speak, to the outer investing 
membrane of the egg, and lining the 
inner surface of the shell with a vas- 
cular membrane j by these means afford- 
ing an extensive surface in which the- 
blood may be aerated. In the human subj^ect and in 
other mammalia, the vessels carried out by the allantois 
are distributed only to a special part of the outer membrane, 
<at which a structure called the placnnta is developed. 

In Mammalia, as the visceral laminrc close in the abda^ 
minal cavity, the allantois is thereby divided at the umbi- 
licus into two portions ; the outer part, extending from the 
umbilicus to the chorion (p. 751), soon shrivelling; while 
the inner part, remaining in the abdomen, is in part con- 
verted into the urinary bladder ; the portion of the inner 
part not so converted, extending from the bladder to the 
umbilicus, under the name of the urachus. After birth the 
umbilical cord, and with it the external and shrivelled por- 
tion of the allantois, are cast off at tlie umbilicus, while the 
urachus remains as an impervious cord stretched from the 
top of the urinary bladder to the umbilicus, in the middle 
line of the body, immediately beneath the parietal layer of 
the peritoneum. It is sometimes enumerated among the 
ligaments of the bladder. 

* Pig. 222. Fecundatecf egg with allantois nearly complete, a; 
inner layer of ainriiotic fold ; outer layer of dittp ; 0, point where 
the amniotic folds come in contact. The allantoiis is seen penetrating 
between the outer and inner layers of the amniotic folds. This figure, 
which represents only the anfipiotic folds amd the parts withii^ them, 
should be compiired with figs. 223, 224, in which will bo found the 
structures external to these folds. ' : • 
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It must not bo supposed that the phenomena which have 
been successively described, occur in any regular order one 
after another. On the contrary, the development of one 
part is going on side by side with that of another. 

Fig. 223. Fig. 224. 



Development of Dlood-veueh., 

At an earlyperiod of <Jovelopment, and during the changes 
just described, an accumulation of cells ensues between the 
mucous and serous lamina) at a part of the germinal mem- 
brane named the area vasculosa (ft, fig, 218). Within this 
mass, which constitutes a third or middle layer of the blasto- 
dermic membrane, is laid the foundation for the develop- 
ment of the vascular system. At the circumference of the 
vascular area, insulated red spots and lines make their 
appearance, and these soon unite, so as to form a network 
of vessels filled with blood. The margin of the vascular 
layer is at fiirst limited and quite circular, being bounded 
by vessels united in a circnlm venosiis, or sinus ^tsrminaiis, 

Figs. 223 and 224 (after Todd and Bowman), a, chorion with 
villi. The villi are shown to be best developed in the part of the 
ohorion to which tlie alhmtow is extending; this portion ultimately 
becomes the placenta, h, space between the two layers of the amnion. 

cavity, d, situation <of the ii^jtestine, showing its connexion 
m%n the umbilical vesicle, e, umbilical vesicle. /, situation of heart 
j and vessels. <jf, allantois, 
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but it soon extends over the’ whole surface of the germinal 
membrane. 

At^about the same time, the rudimentary heart is formed 
in the same layer of the germinal membrane. As shown 
by Schwann, the blood-vessels are developed originally 
from nucleated cells. These 'oells send out processes ; the 
processes from different cells unite ; and in this way rami- 
lications and a network are produced — vessels extending , 
irom this network in the area vasculosa into the area 
pellucida, and joining the rudimentary heart (see p. 765). 

The Chorion. , 

It has been already remarked that, the allantois is a 
structure which extends from the body of the foetus to the 
outer investing membrane of the ovum, that it insinuates 
itself between the two layers of* the amniotic fold, and 
becomes fused with the outer layer, which has itself 
become i)reviously fused with the vitelline membrane. 
By these means the external inventing membrane of the 
ovum, or the chorion^ as it is 225. 

now called, represents three 
layers, namely, the original vi- 
telline membrane, the outer 
layer of the amniotic fold, and 
the allantois. 

Very soon after the entrance of 
the ovum into the uterus, in the 
human subject, the outer surface 
of the chorion is found beset with . 
fine processes, the so-called villi of 
the chorion (a, figs. 223, 224), which 
give it a rough and shaggy ap- 
pearance. At first only cellular in structure, these little 
outgrowths, subsequently become* vascular by the develop- 
ment in them of loops of ^pillaries (fig. 225); and the latter 
at length from the minute extremities of the blood-f essels 
which are, so to speak, conducted from the fostue to the 
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chorion by the allantois. The function of the villi of 
the chorion is evidently the absorption of nutrient matter 
for the. foetus ; and this is probably suppKed to * them 
at first from the fluid matter secreted by the follicular 
glands of the uterus, in "’which they are soaked. Soon, 
however, the foetal vessels of the villi come into more 
intimate relation with the vessels of the uterus. The part 
at which this relation J:)etween the vessels of the foetus and 
those of the parent ensues, is not, however, over the whole 
surface of the chorion ; for, although all the villi become 
vascular, yet they become indistinct or disappear except at 
one part wliere they are greatly developed, and their 
branching give rise, with the vessels of the uterus, to the 
formation of ihQ placenta. 

To understand the manner in which the fatal and 
maternal blood-vessels come into relation with each other 
in the placenta, it is necessaiy briefly to notice the changes 
which the uterus undergoes after impregnation. These 
changes consist especially of alterations in structure of the 
superficial part of the mucous membrane which lines the 
interior of the uterus, and which forms, after a kind of 
development to be immediately described, the memhrana 
decidua^ so colled on account of its being discharged from 
the uterus at the period of parturition. 

Changes of the. Mmom Membrane of the Uterus, and Formation 
of the Placenta, 

The mucous membrane of the human utei^' is abun- 
dantly beset with tubular follicles, arranged perpmi- 
dicularly to the surface. These follicles are very small in 
the unimpregnated uterus; but w}xen examined shortly 
after impregnation, they are found elongated, enlarged, 
and much waved and contorted towards their deep and 
<dhBed extremity, which is implanted at some depth in the 
tissue^ of the uterus, «^and oommfinly dilates into two or 
three closed saceuli (fig. 226). 
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According to Dr. Sharpej, the glands of the mucous 
membrane of the bitch’s uterus (and according to II. 
Muller, that of the human female also) are of two hinds, 
Fig. 226.* 



simple and compound. The former, which are the more 
numerous, are merely very short unbranched tubes closed 
at- one end (fig. 227, \ *), the latter (*, *) have a long duct 
dividing into convoluted branches ; both open on the inner 
surface of the membrane by small round orifices, lined 
with epithelium and set closely together. 

On the internal surface 
of the mucous membrane 
may be seen the circular 
orifices of the glands, 
many of which are, in the 
early period of pregnancy, 
surrounded by a whitish 
ring, formed of the epi- 
thelium which lines the 
follicles (fig. 228). 

Ooinoidently with the increasing size of the follicles, the 
quantity of their secretion is augmented, the vessels of 

* Fig. 226. Section of the lining membrane of a human uterus at the 
period of commencing pregnancy, showing the arrangement and other 
peculiarities of the glands, d, d, dy with Idieir orifices, a, a, a, on tlio 
internal suifaco of the organ. Twice the natural size. 

t Fig. 227. A vertical 8ecti|^ of the miigous membrane showing 
uterine glands of the hitch, minified twelve diameters/, i, i» simple 
glands ; 2, 2, oompound, ditto (from Shorpey), • 

• ■ r- • 


• Fig. 227. t 
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the mucous membrane become larger and more numerous, 
while a substance composed chiefly of nucleated cells fills 
up the interfollicular spaces in which the blood-vessels are 
Fig, 228.^ contained. The effect of 

these changes is an in- 



creased thickness, softness, 
and vascularity of the mu- 
{‘ous membrane, the sui)er- 
licial part of which itself 
forms the memhrana de- 
cidua. 

The object of* this in- 
creased development seems 
to be the i)roduction of 
nutritive materials for the 


ovum ; f 9 r the cavity of the uterus shortly becomes filled 
with secreted fluid, consisting almost entirely of nucleated 
cells, in which the viUj of the chorion aro embedded. 

When the ovum first enters the uterus it becomes im- 


bedded in the structure of the decidua, which is yet quite 
soft, and in which soon afterwards three portions are dis- 
tinguishable. These have been named the decidua vera^ the 
decidua rejlexa, and the decidua serotlna. The first of these, 
the decidua vera, lines the cavity of the uterus; the second, 
or decidua reftexa, is a part of^ the decidua vera, which 
grows up around the ovum, and, wrapping it closely, forms 
its immediate investment. The third, or decidua Merotina^ 
is the part of tlie decidua vera which becomes especially 
developed in connection with those villi of the chorion 
which, instead of disappearing, remain td form the fcetal 
jiart of the placenta^ 


* Fig. 228. Two thin segments of human decidua ofter recent im- 
pregnation, viewed on a dark ground : they show the openings on tho 
surta^e of the luembrana. a is magnfltied six diainoteri^ and « twelve 
diameters. At i, the lining of epithelium is seen witliin the orifices, at 
2 it has .escaped (from Shaafpey). ^ , 
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As the ovum increases in size, the decidua vera and the 
decidua reflexa gradually come into contact, and in the 
third month of pregnancy the cavity between them has quite 
disappeared. Henceforth it is very difficult, or even impos- 
sible, to distinguish the two layers. 

During these changes the deeper part of the mucous 
membrane of the uterus, at and near the region where the 
jdacenta is placed, becomes hollowed out by sinuses, or • 
cavernous spaces, which communicate on the one hand 
with arteries and on the other with veins of the uterus. 
Into these sintises the villi of the chorion protrude, pushing 
the thin wall of the sinus before them^ and so come into 
intimate relation with the blood contained in them. 
Tixere is no direct communication between the blood-vessels 
of the mother and those of the foetus ; but the layer or 
layers of membrane intervening between the blood of the 
one and of the other oHer no obstacle to a free inter- 
change of matters between them. •Thus the villi of the 
chorion, containing foetal blood, are bathed or soaked in 
maternal blood contained in the uterine sinuses. The 
arrangement may be roughly compared to filling a glove 
with foetal blood, and dipping its fingers into a vessel con- 
taining maternal blood. But in the foetal villi there is a 
constant stream of blood into and out of the loop of capil- 
lary blood-vessel contained in it, as there is also into and 
out of the maternal sinuses. 

It would seem from the observations of Professor 
Goodsir, that, at the villi of the placental tufts, where the 
foetal and ihatemal portions of the placenta axe brought 
into close relation lyith each other, the blood in the vessels 
of the mother is separated from that in the vessels of the 
foetus by the intervention of two distinct sets of nucleated 
cells (fig. 229). One of these (^) belongs to the maternal 
portion of the placenta, ls,f>laced between the membrane of 
the villus and that of the '^asculax system of the mother, 
and*' is probably designed to separate frcgn the blood of the 
^ 3 c 2 


t 
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parent the materials destined for the blood of the footus ; 
the other (/ ) belongs to the foetal portion of the placenta, 
is situated between the membrane of the yillus and 
the loop of vessels contained within) and probably serves 
for the absorption of the material secreted by the other 
sets of cells, and for its conveyance into the blood-vessels 
of the footus. Between the two sets of cells with 

their investing mefiibrane there exists a space (d), 
into w’hich it is probable that the 
materials secreted by the one set of 
cells of the villus are poured in 
order that the}’- may be absorbed 
by the other set, and thus conveyed 
into the footal vessels. 

Not only, however, is there a pas- 
sage of materials from the blood of 
the mother into that of the foetus, but there can be no doubt 
of the existence of a mutual interchange of materials between 
the blood both of foetus and of parent, the latter supplying 
the former with nutriment, and in turn abstracting from it 
materials which require to be removed. Dr. Alexander 
Harvey’s experiments were very decisive on this point. 
I’lie view has al$o received abundant supi)ort of late from 
Mr. Hutchinson’s important observations on the communi- 
( ation of syphilis from the father to the mother, through 
the instrumentality of the foetus; and still more from 
JJr. Savory’s experimental researches,, which prove quite 
clearly tliat the female parent may be directly inoculated 
through the foetos. Having opened the abdomen and 

uterus of a pregnant bitch, Mr. Savory injected a solution 

* ' 

* Fig. 229. Extremity of a [placental villus, a, lining mombrane 
of the vascular syj^em of tko mother ; b, cells immediately lining a ; 

.space between, the maternal and fcetal portions of the , villus ; e, 
/intcnjal membrane of t]i9 villus^ or extSmal membrane of the chorion ; 
/, internal cells of the villus, or cells of the chorion ; g, loop of umbilical 
vossds (after Goodeh). ^ 1 


Fig. 229.* 
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of strychnia into the abdominal cavity of one foetus^ and 
into the thoracic cavity of another^ and then replaced all 
the parts, every precaution being taken to prevent escape 
of the poison. In less than , half an hour, the bitch died 
from tetanic spasms ; the foetuses operated on were also 
found dead, while the others were alive and active. The 
experiments, repeated on other animals with like results, 
leave no doubt of the rapid and ^irect transmission of 
matter from the foetus to the mother, through the blood of * 
the placenta. 

The placenta, therefore, of the human subject is com- 
posed of a fatal part and a maternal part,— the term, 
placenta, properly including all that entanglement of foetal 
villi and maternal sinuses, by means of which the blood 
of the foetus is enriched and purified after the fashion 
necessary for the proper growth and development of those 
parts which it is destined to nourish. 

The whole of this structure is not, as might be imagined, 
thrown off immediately after birfti. The greater part, 
indeed, comes away at that time, as the after-birth, and the 
separation of this portion takes place by a rending or crush- 
ing through of that part at which its cohesion is least strong, 
namely, where it is most burrowed and undermined by the 
cavernous spaces before referred to. In this way it is cast 
off with the foetal membranes and the decidua vera and 
refkxa, together with a part of the decidua serotina. The 
remaining portion withers, and disappears by being gra. 
dually either absorbed, or thrown off in the uterine dis- 
charges or the lochia, which occur at this period, 

A new mucous membrane is of course gradually de- 
veloped, as the old one^ by its peculiar transformation into 
what is called the decidua, ceases to perform its original 
functions. « 

The mnhilical cord, which in the latter part of foetal life 
is almost solely composedtipf the two wteries and the^single 
vein which respectively convey fetal blood to and from the 
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placenta, contains the remnants of other structures' which 
in the early stages of the deTelopment of the embryo were, 
as already related, of great comparative importance. Thus^ 
in early foetal life, it is composed of .the following parts : 
— ( I )." Externally, a layer of the amnion, reflected over it 
from the umbilicus. (2). The umbilical vesicle with its 
duct and appertaining omphalo-mesenteric blood-vessels. 
(3). The remains of the allantois, and continuous with it 
the urachus. . (4). 'flie umbilical vessels, which, as just 
remarked, ultimately form the greater part of the cord. 


DEVJSLOPMENT OE OltCANS. 

It remains now to consider in succession the development 
of the several organs and systems of organs in the further 
progress of the embryo. 


Devchpnent of the y erte^rral Column and Cranium » 

The primitive part of the vertebral column in all the 
Vertebrata is the gelatinous chorda dorsalis, which con- 
sists entirely of cells. This cord tapers to a point at 
the cranial j.nd caudal extremities of the animal. In the 
progress of its development, it is found to become enclosed 
in a membranoim sheath, which at length acquires a fibrous 
structure, composed of transverse annular fibres. The 
chorda dorsalis is to be regarded as the azygos axis of 
the spinal column, and, in particular, of the future bodies 
of the vertebrsB, although it never itself passes into the 
cartilaginous or osseous state, but remains enclos*6d as in a 
case within the persistent parts of the. vertebral column 
which are developed around it. It is permanent, however, 
only in a few animals : in the majority it disappears at an 
early period., ' • ^ 

The cartilaginous or osseous Vl^rtebrse are always first 
developed in pairs of lateral elements at the sides of the 
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chorda dorsalis. From these lateral elements are formed 
the bodies and the arches of the vertebra). In some 
animals, as the sturgeon, however, the lateral elements of 
jthe vertebra) undergo no further development, and it is 
here that the chorda dorsalis is persistent through life. 
In the myxinoid fishes the spinal column presents no ver- 
tebral segnients, and there exists merely the chorda 
dorsalis with the fibrous layer surrounding its sheath, 
which is the layer in which the skeleton originates. This 
fibrous layer also forms supeHorly the membranous cover- 
ing of the vertebral canal. 

In reptiles, birds, and mammals, the mode ii? which the 
vertebra) are formed around the chorda ’dorsalis seems to 
be different. , When the formation of these parts from 
the blastema commences, there appears at each side of 
the chorda dorsalis a series of quadrangular figures, 
the rudiments of the future vertebra). These gra- 
dually increase in number and size, so as to surround 
the chorda both above and below; sending out, at the 
same time, superiorly, processes to form the arches des- 
tined to enclose the spinal cord. In this primitive con- 
dition the bod}^ and arches of each vertebra are formed 
by one piece on each side. At a certain period these two 
primary elements, which have become cartilaginous, unite 
inieriorly by a suture. The chorda is* now enclosed in a 
case, formed by the bodies of the vertebra), but it gra- 
dually wastes and disappears. Before the disappearance 
of the chorda, the ossification of the bodies and arches of 
the vertebrSD begins at distinct points. 

The ossification of the body of a vertebra is first ob- 
served at the point where the two primitive elements of 
the vertebrae have united inferior^. Those vertebrae 
which do not , bear ribs, such the cervical vertebra), 
have generally en additional centre of ossification in the 
transverse process, whiclf ,jB to be regarded as an abprtive 
rudiment of a rib. In the fcotal bird, these additional 
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ossified portions exist in all the cervical vertebras, and 
gradually become so much develc^ed in the lower part of 
the cervical region as to form the upper false ribs of this 
class of animals. The same parts exist in man^malia and 
man; those of the last cervical vertebrae are the most 
developed, and in children may, for a considerable period, 
be distinguished as a separate part on each side, like the 
root or head of a rib^ 

The true cranium is a prolongation of the vertebral 
column, ajitd is developed at a much earlier period than the 
facial bones. Orjiginally, it is formed of but one mass, a 
cerebral capsule, the chorda dorsalis being continued into 
its base, and ending there with a tapering point. This 
relation of the chorda dorsalis to the basis of the cranium 
is persistent through life in some fish, e.g., the sturgeon. 
The first appearance of a solid support at the base of 
the cranium observed by Muller in fish, consists of two 
elongated bands of cartilage, one on the right and the 
other on the left side, which are connected with the car- 
tilaginous capsule of the auditory apparatus, and united 
Avith each other in an arched manner, toteriorly beneath 
the anterior end of the cerebral capsule. Hence, in the 
cranium, as in the spinal column, there are at first de- 
veloped at the sides of the chorda dorsalis two symmetrical 
elements, which subsequently coalesce, and may wholly 
enclose the chorda.* 

Development of the Face and Visceral Arches, 

It has been said before that at an early period of 
development of the embryo, there grow up on the sides of 
the primitive groove the so-called dorsal lamina^ w|iich at 

* For much new and original matter relating to the development of 
the Ci*aT)lam, the reader is referred to th^ important lectures on Coin- 
piirative Anatomy, dolivoretl at the College of Surgeons by Professor 
Huxley. 
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length, coalesce, and complete by their union the spinal 
canal. The same process essentially takes place in the 
head, so as to enclose the cranial cavity. 

The so-called visceral lamiam have been also described 
as passing forwards, and gradually coalescing in front, as 
the dorsal laminm do behind, and thus enclosing the 
thoracic and abdominal cavity. An 
analogous process occurs in the facial 
and cervical regions, but the enclosing 
lamino), instead of being simple, as in the 
former instances, are cleft. 

In this way the so-called visceral arcliea 
and clefts are formed, four on each side 
(fig. 230 a), and from or in connection 
with these arches the following parts are 
developed : — 

From the first arch, and its maxillary b 

process, the superior maxiilaryy the palate 
bone, and iloj^internal pterygoid plate of 
the sphenoid bone, the incm and vialUvs 
and the lower jam. The upper part of the * 
face in the middle line is developed from 
the so-called fronto-nasal process (.\, 3, 
fig. 230). From the second arch are de- 
veloped the stapes, the stapedius muscle, 
the flji^loid process of the temporal bone, 

* Fig. 230 A. Magnified view from before of the head and neck of a 
liuman embryo of about three weeks (from Ecker)— i, anterior cerebral 
vesicle or cerebrum ; 2, middle ditto ; 3, middle or fronto-nasal process ; 

4, superior maxillaiy jirocess ; 5, eye ; 6, inferior maxillary process, or 
first visceral arch, and below it the first cleft ; 7, 8, , 9, second,, third, 
and foiirth arches and clefts, u, anterior view of thft head of a 
human foetus of about the, fifth week (igom Ecker, as before, fig. IV.). 

I, 2, 3, 5, the same parts as in A ; 4, the external nasal or lateral frontal 
process ; 6, the superior m|»l]ary procei^j 7, the lower jaw ; x , 
the tongue ; 8, first branch^ cleft becoming the meatus auditorius 
©xtemus. 



Fig- 230." 
A 
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the stylo-hyoid ligament, and ihe smaller cornu of the hyoid 
bone. From the third visceral arch, the greater cornu and 
body of the hyoid bone. In man and other mammalia the 
fourth visceral arch is indistinct. 

Development of the Extremities. 

The extremities are developed in an uniform manner in 
all vertebrate animals.^ They appear in the form of leaf- 
'like elevations from the parietes of the trunk (see fig. 
231), at points where more or less of an arch will be pro- 
duced for them within. The primitive form of the ex- 
• Fig. 231.* 



tremity is nearly the same in all Vertebrata, whether it be 
destined for swimming, crawling, walking, or flying. In 
the human foetus the fingers are at first united, as if 

webbed for swimming ; but this is to be regarded not so 

■ .. . 

* ^*8' 231. A human embryo of the fourth week, lines in length, 
I, tlie^chwiou ; 3 »pert of the amiiioa ; 4, umbilicat vesicle with its long 
pedicle {vassing into the abdomen ; 7, the heart ; 8, the livery 9i the 
visceral an?h destlued to form ^the 'lower jaw, beneath whtoh are two 
other visceral ar.ehes separated by tlie branchial clefts ; ,10, rudiment of 
^ upper extremity ; 1 1, that of the lower extremity ; ‘ 12, the umbilical 
cord ; 15, the eye ; 16, the oar; 17, the cerebral hemispheres; 18, the 
optic lobes or corpora qnadrigemina. 
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iiiucli as an approximation* to the form of aquatic •animals 
as the primitive form of the hand, the individual parts of 
which subsequently become more completely isolated. 

• 

Development of the Vmcular System. 

The first development of the vascular system and heart in 
the germinal membrane has been already alluded to (p. 750). 
The earliest form of the heart presents itself as a solid 
compact mass of embryonic cells, similar to those of which 
the other organs of the body are constituted: It is at first 
unprovided with a cavity ; but this shortly makes its ap- 
pearance, resulting apparently &om the separation from 
each other of the cells of the central portion. A liquid 
is now formed in the still closed^ cavity, and the central 
cells may be seen floating within it. These contents of the 
cavity are soon observed to be propelled to and fro with a 
tolerable degree of regularity, owing to the commencing 
X^ulsations of the heart. These pifisations take place even 
before the appearance of a cavity, and immediately after 
the first * laying down ’ of the cells from .which the heart 
is formed. At first they seldom exceed from fifteen to 
e^hteen in the minute. The fluid within the cavity of 
the heart shortly assumes the characters of blood. At the 
same time the cavity itself forms a * communication v'ith 
the great vessels in contact with it, and the cells of which 
its vrall are composed are transformed into fibrous and 
muscular tissues, and into epithelium. 

Blood-vessels appear to be developed in two ways, 
according to tjie size of the vessels. In the, formation ^ 
l^rgo blood-vessels, masses embryonic cells si milar to 
those from which the he^t and other structures of the 
einb?7q,are developed, arrange tjiemselves in the position, 
form, and thickness of the developing vessel. Shortly after- 
wards the cells in thli ^terior of«, column of thm kind 
seem to be developed into blood-corpuscles, while the 
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external layer of cells is converted into the walls of the 
vessel. 

In the development of capillaries another plan is pur- 


Fig, 232; * 



* 1 *^. 232. Capillaiy blood-vessels of the tail of a young larval 
frog. Magnified 350 times (aitei* Kfillikei).:— capiUarics permeable . 
to blood I &, fat-graniales attacl^pd te;ihe walls ^ the yeasels, and con- 
mling tW ni\clrA ; c, hollow pj*olongation of a papillaiy, ending in a 
Ipiat ; a, a branching coll >^ith imclbus and fat-gVannles'; it eommuni-' 
l^tcB by three brabches with prolongation of caxallari^ already formed ; 
blood-corpuscles still containing granules of fat. 
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sued. This has been well illustrated by KoUiker, as ob- 
served in the tails of tadpoles. The first lateral vessels of 
the tail have the form of simple arches, passing between 
the main artery airi vein^ and ore produced by the junc- 
tion of prolongations, sent from both the artery and vein, 
with certain elongated or star-shaped cells, in the sub- 
stance of the tail. When these arches are formed and are 
permeable to blood, new prolongations pass from them, 
join other radiated cells, and thus form secondary arches. 
In this manner, the capillary net-work extends in propor- 
tion as the tail increases in length and breadth, and it, at 
the sable time, becomes more dense by the formation, ac- 
cording to the same plan, of fresh vessels within its meshes. 
The prolongations by which the vessels communicate witli 
the star-shaped cells consist at • first of narrow-pointed 
projections from the side of the vessels, which gradually 
elongate until they come in contact with the radiated pro- 
cesses of the cells. The thickness of such a prolongation 
often does not exceed that of a fibril of fibrous tissue, and 
at first it is perfectly solid j but, by degrees, especially 
after its junction with a cell, or with another prolongation,, 
or with a vessel already permeable to blood, it enlarges, 
and a cavity then forms in its interior (see fig. 232). With 
Kdlliker’s accjount, our own observations, made on the fine 
gelatinous tissue conveying the umbilical vessels of a sheep’s 
embryo to the uterine cotyledons, completely accord. This 
tissue is well calcidated to illustrate the various steps in the 
development of blood-vessels from elongating and branch- 
ing cells^ 

About the* time that the heart at its lowest extremity 
receives the venous* trunks, and at its upper extremity 
gives off the large arterid trunk, it becomes curved from a 
Atraight into a house-shoe fbrmf and shortly divides into 
three cavities (fig. 23|^„ Of these three cavities, which are 
developed in cdl Vertebrata, the mdet posterior is the sim- 
ple auricle; fhe piiddle one the simple ventricle^ and the 
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most anterior the bulbus arteriosus. These three parts of 
the heart contract in succession. The auricle and the 
bulbus arteriosus at this period lie at the extremities of the 
horse-shoe. The bulging out of the' middle portion in- 
feriorly gives the first indication of the future form of the 
ventricle (see fig. 233). The great curvature of the horse- 



shoe by the same means becomes much more developed 
than the smaller curvature between the auricle and bulbus ; 
and tlie two extremities, the auricle and bulb, approach 
each other superiorly, so as to produce a greater resem- 
blance ^o the latter form of the heart, whilst the ventricle 
becomes more and more developed inferiorly. The heart 
of fishes retains these three cavities, no further division by 
internal septa into right and left chambers taking place. 
In Amphibia, also, the heart throughout life consists of the 
three muscular divisions which are so early formed in the 
embryo ; *but the auricle is divided internally by a septum 
into a pulmonary and systemic auricle. In reptiles, not 
merely the auricle is thus divided into two cavities, but a 
similar septum is more or less developed in the ventricle. 
In birds, mammals, and the human subject, both auricle 
and ventricle undergo complete division by^ septa ; whilst 
in these animals, as well as in reptiles, the bulbus^ aortm is 
not permanent, but be<k)nms lost in the ventricles. The 
septmn ^vi^ing the ventricle commences 'at «the ape|; and 
extmids upwards. When it is complete, a septum is 
developed ir the bulbus aerte, separating the roots of the 

* 233. Heart of chick at the 4 fSth, 65th, aud 85th hours of 

iucubation. i, the venous trunks ; 2, the auricle ; 3, the ventricle ; 
4, the bulbus arteriosus (after Dr. Alien Tliomson). 
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propiBr aorta and the pulmonary artery. The septum of 
the auricles is developed from a semilunar fold, which 
extends from above downwards. In man, the septum 
between the ventrides, according to l^eckel, begins to be 
formed about the fourth week, and at the end of eight 
weeks is complete. The septum of the auricles, in man 
and all animals which possess it, remains imperfect 
throughout foetal life. When the partition of the auricles 
is first commencing, the two venm cavm have difierent re- 
lations to the two cavities. The superior cava enters, as 
in the adult, into the right auricle ; but the inferior cava 
is so placed that it appears to enter the left*auricle, and 
the posterior part of the septum of the auricles is formed 
by the Eustachian valve, which extends firom the point of 
entrance of the inferior cava. Subsequently, however, the 
septum, growing from above downwards, becomes directed 
more and mqre to the left of the vena cava inferior. 
During the entire period of footal life, there remains an 
opening in the septum, which the valve of the foramen 
ovale, developed in the third month, imperfectly closes. 

Circulation of Blood in the Fa:tus. 

The circulation of blood in the foetus is peculiar, and 
difiers considerably from that of the adult. It will be 
well, perhaps, to begin its description by tracing the 
course of the blood, which, after being carried out to 
the placenta by the two umbilical arteries, has returned, 
cleansed and replenished, to the foetus by the umbilical 

It is at first conveyed to the under surface of the liver, 
nnd tiiiere the stream is ^vidcd,~a part of the blood 
passing straight on to the i^erior vena cava, through a 
venous canal called the dtictu$ venosus, while the remainder 
parses into the portal vein, and reaches the inferior vena 
•cava only after circula^g througH the liver. '\^ether, 
however, by the direct route through the ductus venosus 
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or by the roundabout way through the liver, — all the 
blood which is returned from the placenta by the umbili- 
cal vein reaches the inferior vena cava at last, and is 

Fixf, 234 . 




carried fay it:%> the right atiridie of thfa'faearti into wl^ch 
^vily is also podrtog the faloed that has lurct^ed in , the 
: head and^ neck and arms, and has been .brought to the 
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auridle by the superior vena cava. It might be naturally 
expected that thd two streams of blood would be mingled 
in the right auricle, but such is not the case, or only to a 
slight extent. The blood from the superior vena cava, — 
the less pure fluid of the tfTo— ^passes almdst exclusively 
into the right ventricle, through the auriculo-ventricular 
opening, just as it does in the adult ; while the blood of 
thd. inferior^., vena cava is directed by a fold of the lining ^ 
membrane of the heart, called the Eustachian valve, through 
the foramen ovale into the left auricle, whence it passes 
into, thelcSf^t vetitricle, andoutof ^his ii\to the aorta, and 
thence to all the body.l The blood of the superior vena 
cava, which, as before said, passes into the right^ ventricle, 
is sent out thence in smaU amount through the pulmonary 
artery to the lungs, and thence te the left auricle, as in 
the adult. The greater part, however, by far, does not 
go to the lungs, but instead, passes through a canal, the 
ductus arteriosus, leading from the pulmonary artery into 
tlie aorta just below the origin of the three great vessels 
which supply the upper parts of the body; and there 
meeting that paxt of th« blood of the inferior vena cava 
which has not gone into these large vessels, it is dis- 
tributed with it to the trunk and lower parts, — a portion 
passing out by way of the two umbilical arteries to the 
placenta. From the placenta it is returned by tho um- 
bilical vein to the under surface of the liver, from which 
the description started. • 

After birth the .^amen ovale, closes, and so do the 
ductus arteriosus and ductus venosus, as well os the um- 
bilical ^ss^8;*so that the two streams of blood which 
arrive at the right auricle by the superior and inferior 
vena cava respectively, thenceforth mingle in this cavity of 
the h^, mi passing into the right ventricle, go by way 
of the pulmonary art^ to the lungs, and through these, 
after purification, to the left auricle *ahd ventricle,, to be 
distributed over the^body. ’\ (See chapto on Circulajion.) 
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Development of the Nervous System, 

The mode in which the rudimentary structures of the 
oerebro-spinal nervous system are formed, has been already 
stated (p. 743). The dorsal laminee, the inner borders of 
which close in and form the canal of the spinal cord, seem 
to leave a fissure in the situation of the medulla oblongata. 
Between this and the most anterior extremity of the canal, 
three vesicular enldt|^ments, the vesicles of the brain, are 
developed (see fig. 217), and from these again are developed 
the following parts : — 

From the anterior primary vesicle — ^the optic thalami, 
corpora striata, 4 he third ventricle, and the cerebral 
hemispheres, together with some other parts in connec- 
tion wdth those above named, as the corpus callosum, 
fornix, etc. 

From i\LQ middle primary vesicle — the corpora quadrige- 
inina and crura cerebri, with the aqueduct of Sylvius. 

From the posterior primary vesicle — ^the cerebellum, pons 
Varolii, medulla oblongata, etc. 

Development of thh Organs of Sense, 

The eye is in part developed as a protruded portion of 
the first primary cerebral vesicle; while passing backwards, 
and pressing on the front of this process or primary optic 
Fig, 235,* 



* Pig. 235, Longitudinal section of the primary optic vesiolo in the 
chick magnified (from Beqiak). — A, from an embryo of sixty-fire hours ; 
B, a few hours later ; C, of the fourth day ; e^ the corneous layer or 
cpidermi^j, presenting in A, the open depression for the lens, which is 
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vesicle, is a pouch, of the common integument, which sub- 
sequently becomes a shut sac, and in which is developed 
the lens and its capsule (fig. 236); Subsequently there is 



I)rotruded from below upwards, between the lens in front 
and the primai'y optic vesicle behind, another process or 


closed in B nnd 0 ; ?, the Ions follicle and lens ; pr, the primary optic 
vesicle ; in A and B, the pedicle is shown ; in C, the section being to the 
side of the pedicle, the latter is not shown ; v, the secondary ocular 
vesicle and vitreous humour. 

* Fig. 236. Diagrammatic sketch of a vertical longitudinal section 
hrougli tlie eyeball of a human fcotusof four weeks (after Kiilliker) 
—The section is a little to the side, so as to avoid passing through the 
ocular cleft : c, tho cuticle where it becomes later the cornea ; the 
lens ; 0, p, optic nerve formed by the |»edicle of the primary optic vesicle ; 
rp, primaiy medullary cavity or optic vesicle ; pj the pigment layer of 
tho choroid coat of the outer wall ; r, the inner wall forming the retina ; 
7} s, secondaiy optic vesicle containing the rudiment of the vitreous 
humour. 

+ Fig. 237. Transverse vcHical section of the eyeball of a human 
^ embryo of four weekj| (from KuUiker) — ^The anterior half of the 

section is represented ; p, f, the remains of tho cavity of the primary 
optic vesicle ; p, the inner part of the outer layer forming the choroidal 
pigment ; r, the thickened inner pax-t giying rise to the columnar and 
other structures of tlie retina ; v, the commencing vitreous humour 
within the secondary optic veficlc ; 7/, the ocular cleft through which 
the loop of the central bloo<l- vessel, projects from below ; 1 , tJie lens 
with a central cavity. 1 
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pouchy remaining for some time imperfect below, and 
called tbe secondary optic vesicle. The deficiency below 
contracts into what is called the ocular cleft, which subse- 
quently becomes entirely obliterated/ In connection with 
the primary optic vesicle are developed the retina from the 
invaginated portion, and the pigmentary portion of the 
choroid in connection with the outer part (fig. 236). In 
the secondary optic \|b6iele the vitreous humour is formed. 
The outer walls of tho eyeball, the sclerotic and cornea, 
are developed from the tissues immediately around those 
which havg been just described. 

The iris is formed rather late, as a circular septum pro- 
jecting inwards, from the fore part of the choroid, between 
the lens and the cornea. In the eye of the foetus of Mam- 
malia, the pupil is clbsed by a delicate membrane, the 
memhrana pupillaris, which forms the front portion of a 
highly viiscular membrane that, in the foetus, surrounds 





the lens, and is named the memhrqtna capsido-pupillans. It 

* Fig. 238. 6lood-vessels of the capsulo-pupillary membrane of a 
iiew-bpnjs kitten, magnifieji (from Kolliklr). The drawing is taken from 
a preparat 4 on injected by Tiersch, and showa in the central part the 
conroigeace of the net-^rk of vessels in the impillarj- membi'ane. 
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is supplied with blood by a branch of the arterla centralis 
retinuDy which, passing forwards to the back of the lens, 
there subdivides. The membrana ciipsulo-pupillaris withers 
and disappears in the human subject a short time before 
birth. 

The eyelids of the human subject and mammiferous 
animals, like those of birds, are first developed in the form 
of a ring. They then extend over J^e globe of the eye 
until they meet and become firmly agglutinated to each * 
other. But before birth, or in the Carnivora after birth, 
they again separate. 

The mr likewise, according to Huschke, cdhsists of a 
part developed from within, and of one ibrmed externally. 
The labyrinth is developed upon the hollow protruded part 
of the brain which forms the auditory nerve. It appears 
first in the form of an elongated vesicle at the hinder part 
of the head of very young embiyos above the second 
so-named branchial cleft. From it is developed a second 
vesicle, the rudiment of the cochlea, the convolutions of 
which are then formed. The semicircular canals are pro- 
duced, as diverticula of the vestibule, which , terminate by 
again communicating with the same cavity. 

The Eustachian tube, the cavity of the tympanum, and 
the external auditory passage, are remains of the first 
branchial cleft. The membrana tympani divides the cavity 
of this cleft into an internal space, the tympanum, and 
the external meatus. The mucous ntembrane of the 
mouth, which is prolonged in tlie form of a diverticulum 
through the Eustachian tube into the tympanum, and the 
external cutaneous system, come into relation with each 
other at this point ; the two mOmbranes being separated 
only by the proper membrane of the tympanum. 

Development of the Alimentary CanaL ^ 

The alimentary canal, early si&ge of whose denrelop- 
ment has been ab;eady referred to (p; 746), is at first 



i 

774 GENERATION AND DEVELOPMENT. 

t 

uniform straight tube, which gradually becomes divided 
into its special parts, stomach, small intestine, and large 
intestine (fig. 239). The stomach originally has the same 
direction as the rest of the canal ; its cardiac extremity 
being superior, its pylorus inferior. The changes of 
position which the alimentaty canal undergoes may be 
readily gathered from the accompanying figures. 


A B j Fig. 2^9.* C D 



The principal glands in connection with the intestinal 
canal axe the salivaiy, pancreas, and the liver. In Mam- 
malia, each salivary gland first appears as a simple canal 
with buddihe processes (fig. 240), lying in a gelatinous 
nidus or blastema, and communicating with the cavity of 

* Fig. 239. Outlines of the form and position of the alimentary canal 
in successive, stages of its development (from Quain). A, alimentary 
canal, Ac., in &n embryo of four VFeelca ; at si!»c weeks ; 0 , at eight 
weeks \ at ten weeks ; I, the primitivelungs connectedwith the pharynx ; 
s, the stomach ; d, duodenum ; i, the small intestine; i', tho large ; c, the 
ccecnm and vermiform appendage ; r, the rectum ; cl, in A, tlie cloaca ; 
rt, in B, tho anus distinct from s i, the sinus uro-geiiitalis ; r, tho yolk 
vsac ; V the viteilo-intcstiial duct ; a, the urinary bladder and urachus 
leading to the allanttas j g, genital ducts. ' , 
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the mouth. As the development of/ the gland advances, 
the canal becomes more and more ramihed, increasing at 


Fig. 240.* Pig, 241. t 



the expense of the blastema in which it is still enclosed. 
The branches or salivary ducts constitute, an independent 
system of closed tubes (fig. 241 ). The pancreas is developed 
exactly as the salivary glands. 

The liver in the embryo of the bird is developed by the 
protrusion, as it were, of a part of the walls of the in- 
testinal canal, in the form of two conical hollow branches 
which embrace the common venous stem (fig. 242). The 
outer part of these cones involves the omphalo-mesenteric 
vein, w’hich breaks up in its interior into a plexus of 
capillaries, ending in venous trunks for the conveyance of 
the blood to the* heart. The inner portion *of the cones 
forms the cellular structure of the organ into which the 

• Fig. 240. First appearance of the parotid gland in the embryo 
a sheep. • 

t Fig. 241. Lohixles of parotid, wilh the salivary ducts, in the 
embryo of the sheep, a moJfe advanced stage. 
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blood-vessels extend, and in which they are, with the ducts, 
gradually developed. The gall-bladder is developed as a 
diverticulum from the hepatic duct. 


Fig. 242.* 



Development of the Respiratory Apparatus^ 

The lungs, at their ^rat development, appear as small 
tubercles, or diverticula jfrom the abdominal surface of the 
Fig. 243. t 

A. • B c 



Fig. 242. Rudiments of the liver on the intestine of a chick at the 
fifth (lay of incubation. ,1, l]^eart ; 2, intestine ; 3, diverticulum of tlie 
intestine on which che liver (4) is developed ; $, i)art of the mucous 
layer of the germinal membrane. * 

t Fig. 243, illustrates the development of the rospiralory organs, a, 
is the oesophagtts of a chick on the fourth day of incubation, with the 
rudiments of the trachea on the lung of the left side, viewed laterally : 
1, the inferior wall pf the ceso|>hagus ; 2, the upper wall of the same 
tube ; 3, the rudiinontary lung ; 4, the stomach. B, is the same object 
seen from below, so that both lungs are visil)le. c, sliows the tongue and 
re»pirat<jcy organs of the einlJryo of a horse : i, the tongue ; the laiynx; 

3, the traehea ; 4, the lungs viewed from the upper side. Aitbr Eathkc. 
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ODSophagus. They are united at the anterior part of their 
circumference; and here a pedicle is formed which becomes 
elongated into the titichea (see fig. 243, a, b). Soon after- 
wards, the lung is seen to consist of a mass of cmcal tubes 
issuing from the branches of the tf^hea. (Fig. 243, c.) 
Tiio diaphragm is early developed. , 


Tltsc Wolffian Bodies^ Urinary Apparatus^ and 

Sexual Organs, • 

The Wolffian bodies are organs peculiar to, the em- 
bryonic state, and may bo regarded as temporary ^ rather 
than lyditnentaly kidneys ; for altliough they Seem to dis- 
charge the functions of these latter organs, they are not 
developed into them . They probably bear the same relation 
to the persistent kidneys that the branchim of Amphibia 
do to the lungs which succeed them. 

In Mammalia, the Wolffian bodies (fig. 244, W.) are bean- 
shaped, and are composed of transverse cmcal canals, united 
by an excretory duct (w) which leads from the lower ex- 
tremity of the organ to the sinus urogenitalis of the foetus 
(fig. 244, ug.) The kidneys (r) and supra-renal capsules (sr) 
are developed behind them. Their size is at first so great 
that they entirely conceal the kidneys ; but in i)roportion 
as the latter bodies increase in size, they grow relatively 
smaller, and come to be placed more inferiorly. At length, 
towards the end of fmtal life, only an atrophied remnant 
of them is left. Their ducts, in the male, are ultimately 
developed to form the vas deferens nnd ejaculatory duct of 
each sidc^; the vesiculm seminales forming diverticula from 
their lower part. In the female, the ducts of the Wolffian 
bodies disappear.' • * 

The testicles or ovaries are formed independently 
at the internal excavated bordei; of these organs ; and at 
first it is not possible to say which of 1;hem — the testicle 
or ovary— ythe new formation is become. Qradually, 
however, the special characters, belonging to one of 
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them are developed; and in either case the organ soon 
begins to assume a relatively lower position in the body ; 
the ovaries being ultimately placed in the pelvis ; while 
towards the end of foetal existence the testicles descend 
into the scrotum, the testicle entering the internal 
inguinal ring in the seventh month of foetal life, and com- 
pleting its descent through the inguinal canal and external 
ring into the scrotum by the end of the eighth month. A 
pouch of peritoneufh, the processus vaginalis^ precedes 
it in its descent, and ultimately forms tlie tunica vaginalis 
or serous covering of tlie organ ; the communication 
between the*tunica vaginalis and the cavity of the perito- 
neum being cldsed only a short time before birth. In its 
descent, the testicle or ovary of course retains the blood- 
vessels, nerves, and tymphatics, which were supplied to it 
while in the lumbar region, and which are compelled to 
follow it, so to speak, as it assumes a lower position in the 
body. Hence the explanation of the otherwise strange fact 
of the origin of these parts at so considerable a distance 
from the organ to which they are distributed. 

The means by which the descent of the testicles into the 
scrotum is effected are not fully and exactly known. It 
was formerly believed that a membranous and partly 
muscular cord, called the gubernaculum testis, which extends 
while the testicle is yet high in the abdomen, from its 
lower part, through tb^ abdominal wall (in the situation 
of the inguinal canal) to the front of the pubes and 
lower part of the scrotum, was the agent by the contraction 
of which the descent was effected. It is now generally 
believed, however, that such is not the case ; »and that the 
descent of the testicle and ovary is sathef the result of a 
general process of development in these and neighbouring 
parts, the tendency of v^ich is to produce this change 
in the relative position of these organs. In other words, 
the descent is not the result Si a mere mechanical 
action, by which the organ is dragged down to a lower 
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position, but ratlier one change out of many which attend 
the gradual development and re-arrangement of these 
organs. It may be repeated, however, that the details of 
the process by which the descent of the testicle into the 
scrotum is effected are not accurately fcnown. 

The homologue, in the female, of the gubernaculum 
testis, is a structure called the round ligament of the uteruH, 
which extends through the inguinal canal, from the outer 
and ux)per part of the uterus to the subcutaneous tissiief 
in front of the symphysis pubis. 

At a very early stage of foetal life, the efPerent ducts of 
the Wolffian bodies of the kidneys and of the ovaries or 
testes, open into a receptacle formed by the lower end of 
the allantois, or rudimentary bladder ; and as this com- 
municates with the lower extremi|;y of the intestine, there 
is for the time, a common receptacle or cloaca for all these 
parts, which opens to the exterior of the body through a 
part corresponding with the future anus. In a short time, 
however, the intestinal portion of the cloaca is cut off from 
that which belongs to the urinary and generative organs ; 
a separate passage or canal to the exterior of the body, 
belonging to these parts, being called the sinus urogenitalis. 
Subsequently, this canal is divided, by a process of division 
extending from before backwards or from above down- 
wards, into a pars urinaria'' and a '^.pars genitalis.” The 
former, continuous with the urachus (p. 749)> converted 
into the urinary bladder. 

The Fallopian tubes, the uterus, and the vagina are 
developed from two threads of blastema, called the 
Mullerian dmsts (fig. 244, w), which appear in front of the 
Wolffian bodies -at jkbout the time that these begin to 
change their relative position to neighbouring parts, ^d 
to decrease in size. The two J^ullerian ducts are united 
below into a single cord, called the genital cord, and, from 
this are developed the^yagina, as well as the cervix and 
the lower portion of the body of the uterus; while the 
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imunited portion of tho duct on each side forms tlie upper 
part of the uterus, and the TaUopian tube. In certain 
oases of arrested or abnormal development, these portions 

^ Fig. 244 -* 



of the Mullerian ducts may not become fused together at 
their lower extremities, and there is left a deft or homed 
condition of the upper part of the uterus, resembling a con- 
dition which is permanent in certain of the lower animals.* 

In the male, the Mullerian ducts have no special 
function, and are but slightly developed: the small prosta- 
tic pouch, or umis FocularU^ forxas Ae atrophied mmnant 

* 244. Diagram of the 'VVolffiau bodies, MUlleriaii ducts and 

a4ia!imt ports previous to sex\ial distinction, as seen from before (from 
Qu^n). «r, lao supra-reiud bocfies ; r, the kidneys ; common blas- 
tema of ovaries or testicles ; W, Wolffian Ijodios ; ite, Wjolffian ducts ; 
m, wt, MUUcrian dttct ; genital cord ; sinus urogenitalis i v, 
intestine ; cloaca. ' < ' 



THE EXTERNAL PARTS OF GENERATION. 78; 

of the genital cord, and is, -of course, therefore, the homo- 
logiie, in the male, of the vagina and uterus in the female. 


Fig. 245.* 



'The external parts of generation are at first the same in 
both sexes. The opening of the genito-urinary apparatus 


* Fig. 245. Urinaty and generative organs of a Lumau female cmbrj'o, 
measuring 34 inches in length, a, general view of these parts ; i, supra- 
renal capsules ; 2, kidneys ; 3, ovary ; 4, Fallopian tube ; 5, uterus ; 
6, intestine ; 7, the bladder, n, bladder and generative organs of the 
same embryo viewed from the side ; i, the urinary bladder (at the upper 
part is apportion of the umchus) ; 2, urethra 3, uterus, (with two 
cornua) ; 4, vagina ; 5, part as yet common to the vagina and uretlira ; 
6, common orifice of the urinary and generative organs ; 7, the clitoi^ 
c, hiternal generative organs of the ^amc embryo ; i, the uter^s^; 2, 
the ‘round ligaments ; 3; the Fallopian tubes (formed by the ^^iillerian 
ducts) ; 4, the^ovaiies ; S, 4I10 remains o^tho Wolffian bodies, d. ex- 
ternal generative organs of the same embiyo ; i, the labief majora ; 
2, the nytophie; 3, the clitoris. After Muller. 
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is, in botli sexes, bounded by two folds of skin, whilst in 
front of it there is formed a penis -like body surmounted 
by a glans, and cleft or furrowed along its under surface. 
The borders of the furrow diverge posteriorly, running at’ 
the sides of the genito-urinary orifice internally to the 
cutaneous folds just mentioned (see fig. 245, n, d). In the 
female, this body becoming retracted, forms the clitoris, 
and the margins of the furrow on its under surface fare 
bonverted into the nymphm, or labia minora, the labia 
majora pudendce being constituted by the great cutaneous 
folds. In the male fcntus, the margins of the furrow at 
the under stirface of the penis unite at about the four- 
teenth week, and form that part of the urethra which is 
included in the^penis. The large cutaneous folds form 
the scrotum, and at a latpr period, namely, in the eighth 
month of development, receive the testicles, which descend 
into them from the abdominal cavity. Sometimes the 
urethra is not closed, and the deformity called hypospadias 
then results. The app&orance of hermaphroditism may, 
in these cases, be increased by the retention of the testes 
within the abdomen. 


The Mammary Qlatids. 

The mammary glands, which may be considered as 
organs superadded to the reproductive system in man and 
other members, of the class (Mammalia) which derives its 
name from them, are, in the essential detalLs of their struc- 
ture, very similar to other compound^ glands, as tlie 
pancreas and salivary glands; that is to say, they are 
composed of ledger divisions or lobes, a4d these are 
again divisible into lobules, — ^the lobules «being composed • 
of the fbUicular extremities of ducts, lined by glmdnlar 
epi&dium. The lobes apd lobules are bound together 
byd^dl^ tissue; while, penetrating between the lobes, 
ahd coWing the general surface of the gland, with 
the exception of the nipple, is a considerable quanti^ 
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of yellow fat, itself lobulated by sheaths and processes of 
tough areolar tissue (fig. 246) connected both with the skin 
in front and the gland behind; the same bond of connec- 
tion extending also from the under surface of the gland to 



the shoathing cojmective tissue of the great pectoral muscle 
on which it lies. The main ducts of the gland, fifteen to 


* Fig. 246. Dissection of the lower half of the female mamma 
during the period of lactation (from Luschka). — In the left-hand side 

of the dissected part the glandular lobes are cxjiosed and partially un- 
ravelled ;*and on the right-hand side, the glandular substance has been 
removed to show the reticular loculi of the conndetive tissue in which 
the glandular lobules arc placed : i, upper part of the mamillaor nipple 
areola; 3, subcutaneous masses of fat; 4, reticular loculi of the co^eOtive 
tissue which support the glandular ^substance and contain the fatty 
masses ; 5, one cdT thrCe lactiferous ducts shown passing towards the 
mamilla where they open ^6, one of the sinus lactcior reservoirs; 
7, some of the glandular lojules which have been unravelled,* 7', others 
niassed together. , 
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twenty in numbet, called the lactiferous or galactophorous 
ducts, are formed by the union of the smaller ducts, and 
open by small separate orifices through the nipple. Just 
before they enter the base of the nipple, these ducts are 
dilated (6, fig. 246) ; and, during lactation, the i)eriod of 
active secretion by the gland, they form reservoirs for the 
milk, which collects in them and distends them. The walls 
of the gland-ducts are, formed of areolar and elastic tissue, 
and are lined internally by a fine mucous membrane,, the 
surface of which is covered by squamous or spheroidal 
epithelium. 

' 'Fig. 247.* 



The nipple, which contains the terminations of the 
lactiferous ducts, is composed also of areolar tissue, and 
contains unstriped muscular fibres. Blood-vessels are also 
freely supplied to it, so as to give it a species of erectile 
structure. On its surface are very sensitive papillae ; and 
around it is a small area or areola of pink or dark-tinted 
skin, on which are to be seen small projections formed by 
minute secreting glands. 

Blood-vessels, nerves, and lymphatics are plentifully 
supplied to the mammaiy glands ; the calibre of the blood- 
vessels, as well as the size of the glands, varying very 

247. Globules and molecules of co^’s milk ' 
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greatly under certain conditions, especially those of preg- 
nancy and lactation. 

The secretion of milh, which under ordinary healthy 
circumstances only ocWrs after parturition, if we except 
the slight secretion wliich takes place in the latter months 
of pregnancy, is effected hy the epithelial cells lining the 
ultimate follicles of the mammary gland. The process docs 
not differ from secretion in glands generally (see p. 404), 
and need not here be particularly described. 

Under tlie microscope, milk is found to contain a num- 
ber of globules of various sizes (fig. 247), the majority about 
TirffTiir diameter. The}^ are composed of oily 

matter, probably coated by a fine layer of albuminous 
material, and are called irillk- globules ; while, accompanying 
these, are numerous minute particldte, both oily and albu- 
minous, which exhibit ordinary molecular movements. The 
milk, which is secreted in the first few days after parturi- 
tion, and which is called the colostrum^ differs from ordinary 
milk in containing a larger quantity of solid matter ; and 
under the microscope are to be seen certain gi'anular masses 
r;alled colost rum-corjju sales. These, which apj)ear to be small 
masses of albuminous and oily matter, are probably 
secreting cells of the gland, either in a state of fatty de- 
generation, or, as Dr. Gedge remarks, old cells which in 
their attempts at secretion under the new circumstances 
of active need of milk, are filled with oily matter ; which, 
however, being unable to discharge, they are themselves 
shed bodily to make room for their successors. 

The specific gravity of human milk is about 1030. Its 
chemical compo^tion has been already mentioned (p. 246). 
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A. 

AljLlomiiml muscles, action of in 
respiration, 199. 
typo of respiration, 19S. 
Aberraticii, 
eliromntio, 649. 
s])herieul, 64S. 

Al)sorl»enls. Sec Lymphatics. 
Ab.sor[>tioii, 347. 

by blood-vessels, 367. 
of <(ases by blood, 371, 
by lacteal vessels, 309, 363. 
by lymi»liatics, 364. 
oi oxygen by lungs, 215. 
process of by osmosis, 368. 
]»iirposes of, 347. 
rjipidity of, 371. 
from rectum, rapidity of, 372. 
by the skin, 437. 

Iroiu stomach, prei»aration of food 
for, 2 85. 

Sf'e C’hyh', Lymph, Lymphatics, 
Lactouls. 

Accessory nerve, 564. 
distribution of, ib. 
loots of, 565. 

Accidental eleiimnts in human body, 
19. 

Accidents, iiivoluntaiy movements 
in, 506. 

Acetic acid in gastric fluid, 275. 
Acids, strong, t^revciitcoagulation, 68. 
Acini of secreting fjlaiids, 403, 
Adaptation of eye to distance!, 649. 
Adenoid tissue. See lietiform Tis- 
sue. ' 

Adipose tissue, 38. 
situations of, lA 
structure of, ib. 

See Fat. ^ 

Afferent 

arteries of kidney, 444, 

$ 


Alfercnt 

lymphatics, 356. 
nerve-fibres, 475. 

Aftcr-hirth, 757.. 

After-sensati(kiis, 
ol^ taste, 705. 
of touch; 71 1, 
of vision, 659. 

Age, 

ill relation to blood, 83. 

•to capacity of chest, 203. 
to excretion of urea, 45^ 
to exlialatioii of caiboiiic acid, 

211. 

to heat of body, 232. 

4 c) menial faculties, 535. 
to pulse, 124. 
to respiration, 203. 
to voice, 616. 

Aggregated glands, 403. ^ 

Agminate glands, 301. 

Air, 

atmospheric, composition of, 210. 
changes by breathing, 210. 
favours coagulation of blood, 66. 
quantity breathed, 20(. 
states of inlluenciiig production of 
carbonic acid, 213, 214. 
transmission of sonorous \ihra- 
tioiis through, 683. 
ill tympanum, necessary for hcar- 
■ iug, 68$. 

undulations of, conducted by ex- 
ternal car, 680^. 
by tympanum, 684. 

Air-colls, 191. 

Air-tubes. See Bronchi. 

Alliiuoes, imperfect vision in, 638. 
Albumen, 

action of gastric fluid on, 284. 
cliaj^tors of, 13. • 

chemical compossition of, 15. 
coagulated, propertios^of, 13. 

8 E 2 
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Albumen, continw'd, 
coating oily matter, 359- 
relatioii to fibrin, 14. 
tissues and secretion in which it 
exists, 13. 
of blood, 80. 

uses of, 96. 
vegetable, 249. 

Albuiniuose, 285. 
action of liver on, 332. 

j^lbnminous substances, ij. * 
ab.sorptioTj of, 33Q. 
action of gastric fluid on, 284, 339. 
of liver on, 2S5. 
of pancreas on, 314, 339. 

Alcoholic drinkf, effect on respira- 
tor^'’ changes, 214. 

Alimeiits. Food. 

Alimentary canal, development of, 
7 73- Stomach, 1 n tcstincs,etc. 

Alkalies, caustic, prevent coagula- 
tion, 68. 

Alkaline and earthy salts, infliumcc 
of on coagulation, 67. 

Allantois, 747, 748. 

Aluminium, an accidental element 
in tissues, 18. • 

Amoeba, 78. 

Ainffiboid movements of white cor- 
puscles, 78. 

Amaurosis, 
action of iris in, 540. 
after injury of the fifth nerve, 550. 

Ammonia, du blood, 83. 
cyanate of, identical with urea, 
"^ 53 - 

cxholed from lungs, 218. 

from skin, 434. 
urate of, 457. 

Amnion, 747. 

Ampulla, 676. 

Amputation, sensations after, 480. 

Amylaceous principles, 
action of gastric fluid on, 286. 
of pancrea^ and intestinal 
glands on, 312, 339. 
of saliva on, 262. 

Amyloid substance in liver, 333. 

Amyloids, 245. • 

Anastomoses of muscalar fibres of 
heart, 586. 

of nerves, 470. * 

of veins, 171. 
in erectile tissues, 183. 


Anatomical elements of human 
body, 19-29. 

Angle, optical, 655. 

Angulus opticus sen vi.sorius, 655. 
Am sjihiiiftter. See Sjihincter. 
Animal fats, 10. 
food, digestion of, 2S3 . 
in relation to urea, 454. 
in relation to uric acid, 456. 
in relation to reai’tion of urine, 
448. 

heat, 231. Sec Heat and Tempe- 
rature!. 

life, muscles of, 583. 

nervous system of, 464. 
starch, 334. 

Animals, their distinct Mn from 
p.an 4. 

Anterior pyramids, 5 10. 

roots of S]>iual nerves, 494. 
Antihelix, 671. 

Anti tragus, 671. 

Anus, 309. 

Aorta, 103. 
development of, 765. 
elasticity of, 135. 
pressure of blood in, 154. 
valves of, 108. 
action of, 115. 

Ajmrea, 

force of ins])iratory efforts in, 206. 
See Asphyxia. 

Aptiplexy, efFeets of, 533. 

with cross paralysis, 513. 
Appendices epiploicjc, 309. 
Appendix veriiiiforrais, 309. 
Aqiijeductus, 
cochlete, 677. 

Tcstibuli, 676. 

Aqueous humour, 643. 
i Arches, Visceral, 761. 
i Area germinativa, 743, 
pellucid^ 743. , 

vasculosa, 750. 

Areola of nipple*, 784. 

Areolar tissue, 35. 
functions of, 37. 
situations where found, 35. 
Arteries, lOO, 133. 
calibre of, how regulated, 137? 

coats 133* 

muscular contraction of, 138. 
effect of^old on, 138, 139. 
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Arteries, contbimd, 
effect of division, 138. 

of electro-mngiietism, 140. 
elasticity of, 135. 
purposes of, ib. 

elongation and dilatation in the 
])ul8e, 144. 

force of ])lood in, 154. 
iimscularity of, 133. 
evidence of, 138. 
governed by nervous system, 
142, 575- 
purpose of, 141. 
ncivesof, 142. 
of, 134. 

]mlse in, 143. See Pulse, 
structure of, 133. 

distinctions 111 large and small 
arteries, 133. 
systemic, 103. 
velocity of blood in, 155. 
Articular cartilage, 41. 

Articulate sounds, classification of, 
619. See Vowels anil Conso- 
nants. 

Artilicial digestive fluid, 278. 
Aiyteiioid cartilages, 608, 

effect of approximation, 613. 
movements of, 608. 
niUHclc, 608, 609. 

As])liyxia, 227. 
cause of death in, 228. 
experiments on, 227. 
essential cause of, 231. 
Assimilation or maintenance, 
of blood, 93. 
nutritive, 374. 

Atmospheric air. See Air. 
jiressuie in relation to respiration, 
194. 

Atrophy, 

from deficient blood, 384. 
from diseased nerves, 387. 
Attention, influence of, 
on sensations, ^28. 
on special senses, 658. 

Auditory canal, 672. * 

function of, 680. 

Auditory nerve, 679. 
distribution of, 679, 690. 
effects of irritation of, 697. 
fibres of, 475. • 

sensibility of, 692. 

Auricle of car, 671. 
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Auricles of heart, 102. 
action of, 109. 
capacity of, 128. 
devclo])uient of, 765. 
dilatation of, 112. 
force (^f contraction of, 127. 
Axis-cylinder of nerve-fibre, 467. 
Azote. See Nitrogen. 

Azotized princi])le.s, ii. 

K 

» 

Parytono voice, 615. * 

Ijaboiiient-niembraiie, 
of mucous membranes, 400. 
of secreting membranes, 395. 

Pass voice, 614. 

Peuzoic acid, relalioii to hippuric 
acid, 458. 

Picuspid valve, 105. 

Pile, 322. 

antisei»tic power of, 331. 
cMouring matter of, 323. 
colouring serous secretions, 397. 
composition of, 322. 

ehmieutary, 325. 
digestive properties of, 330. 
e:*orementitious, 327. 
tut iiiailc capable of absorption by, 
330, 

functions of in digestion, 330. 
mixture witli chyme, 338. 
mucous ill, 324. 
a natui'al purgative, 331. 
process of secretion of, 326. 
purposes (»f, 327. 

ill relation to animal heat, 329. 
qnaulUy secreted, 327. 
re-absoii)tion of, 328, 331. 
saline constituents of, 324. 
secretion and flow of, 326. 
secretion of in fmtus, 327. 
tests for, 325. 

Blliii, 323. 

re-ahsoqition of, 328. 

Pilivei’din and Bilifulvin, 324. 
Bipolar noiTe-corJiuscles, 474. 

Birds, their higli temperature, 235. 
Birth, I. 

ladder, urinary. See Urinary 
Bladder. 

Blastema, 20. 

Blastlbdermic membrane,, 742. 
Bleeding, effects of on blood, 84. 
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Blood, 56 — 98. 
iulaptation of to tissues, 3S3. 
adequate supply necessary for nu- 
trition, 384. 
alhuijien of, 80. 
use of, 95. 

alteration of by disease, 94. 
aimnonia in, 83. 

animal poisons, how aifected by, 

384. 

arterial and venous, diflerencea 
between, 85, 89, 2 19. ♦ 

•aashnihition of, 94. * 

casein in, 83. 

olianges in by respiration, 219. 
eheniieal eoinjuisition of, 68. 
eireiilation of, 99. Circulation, 
coagulation off 60 — 65. 

circumstances influencing, 66. 
colour of, 56. 

changed by I’cspiratiqn, 219. 
diflerciiecs in, 85. 
colouring matters in, S3. * 

colouring matter, relation to that 
of bile, 323, * 

com pared with lymph and chyle, 

357- . , 

composition of, chemical, 68* 
physical, 56. 
variations in, 83—89. 
conditions necessary to nutrition, 

corpuscles or cells of, 69 — 78. See 
Blood-corpuacles. 
red, 71. 
white, 76. 

ireatiii and creatiiiin in, 82. 
crystals of, 74. 
acv(dopment of, 90. 

from lymph or chyle, 93. 
exposure to air in lungs, 193, 
extractive nialters of, 82. 
fatty matters in, 81. 

use oU 97. 
fibrin of, 81. 
separation of, 14, 65, 
nse of, 9O. ' • 

force of in arteries, 155. > 

lonnation of in liver, 9^. 

ill spleen, 411. • 

giisoB in, 89. 

ehajigjsd by respiration, 220. 
of gastrjg and mesenteric feins, 
87. 


Blood, continued. 
globulin of, 74. 
glncoso or grape-sugar in, S3, 
growth and maintenance of, 95. 
inematin or cruorin of; 76. 
hepatic, 'clinracters of, 88. 
hippuric acid in, 83. 
inorganic constituents of, 82. 
lactic acid in, 83.' 
menstrual, 57, 727. 
mob'cules or gnuiules in, 78. 

movement of, in capillaries, 162. 

ill lungs, 2CK). 
odoriferous matters in, 83. 
odour or halitus of, 57. 
portal, characters of, 88. 

purification of by liver, 329. 
quantity of, 58. 
ro-absorption of bile into, 32S. 
reaction of, 57. 
relation of to lymph, 361. 

to secretions, 401, 404, 407. 
of renal vein, 89. 
saline constituents of, 82, 
uses of, 97. 
serum of, 78. 

cumpai’ed with secretion of sw- 
rous membrane, 397. 
specific gravity oi; 57. 
s]dtniic, characters of, 88. 
structural composition of, 56. 
supply of, adapted to each part, 
i'43- 

to bruin, iBi. 

necessary for nutrition, 384. 
necessary to st‘cretiou, ,407. 
temperature of, 57. 
urea in, 83. 
uric acid in, il, 
uses of, 95. 

variations of in cliflerent cirenm- 
stances, 83. 

in different parts of body, 84. 
■water in, 79. 

Blood-corjiuscles, ^•ed, characters ol', 
69. 

chomkal composition of, 74. 
development of, 90— 92^ 381. 
in liver, 92. 
in fiploen, 412. 

disintegration and removal of. 

* 4H* 

diversitieff of, 72. 
movement of in capillaries, 163. 
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Pilootl -corpuscles, reel, cmtimLcd, . 
sinking of, 6i. 
tendency to adliere, 62, 71. 
uses of, 98. 

DIood-corpuscles, white, 76. 
amaihoid movcimiiits Of, 78. 
foriniiUon of in ajjloeii, 412. 

B1 oo( I ■ e* ry still s, 74 . 

Dlood- vessels, 
absorption by, 367-373. 

circmnstaiieos inflneaeing, 372. 
dillcrouce from lymjjliaiic ab- 
sui*j)tion, 367. 

osmotic eharacter of, 368, 370. 
ra]ndity of, 371. 
nrea of, 162. 

communication with lymphatics, 
352. 

development of, 763. 
iidlueiiee of uervous system on, 


of placenta, 752- 
relation to see.retion, 407. 
share in nutrition, 383. 

Done, 45, 
eanalieuli of, 47. 
cancellous structure of, 45. 
composition of, ih. 
development of, 49. 

Haversian canals of, 48. 
lacumc of, 47. 
hiniellDD of, 48. 
periosteum of, 46. 
structure of, 45* , , 

Doiie-eartl), composition of, 18. 

Hones or ossicles of eai’, 674. 

Hones, grow-tli of, 375. 
nutrition ot^ 3S2. 

Hoys, voice of, 615. 

Hrain. See Cerebellum, Cerebrum, 
Pons, etc. 
caiullories of, 159. 
circulation of blood in, 180. 
devolopiijcul of, 743, 773. 
disease of, with atrophy, 384. 
influence on heart’s action, 128. 
quantity of blood ih, 182. 

Breathing-air, 201. 

Hreathiiig. Sm Be.spiration. 

Bronchi, arraugomeut and structure 
of, 189. ^ 

muscularity of, 207. . 

Bronchial arteries and Veiii% 209. 

Bruun's glands, 305, 


Buccinator muscle, nervous supply 

, < 554 - 

Biiffy coat, formation of, 62, 73. 
Bullais arteriosus, 766. 

Bursa: inucosie, 396. 


Ciecum, 311. 

elijinges of food in, 341. 

Calcium, salts of, in human body, 

Calculi, biliary, containing cho>e- 
sterin, ii. 

containing copjier, 324. 

Calculus, radiation of sensation from, 
486, 499. 

Calorifiicient foofl,*248. 

Calyces of the kidney, 441. 
C-alyciform papilhe of tongue, 701. 
Canal, alimentary. See Stomach, 
Intestine, etc. 
oxterual auditory, 671. 

function of, 680. 
oral, 620. 

of spinal coid, 493. 
spiral, of cochlea, 676. 

Carviliciili of bone, 47. 

Canals, Haversian, 48. 
portal, 316. 
semicircular, 676. 
function of, 689. 

Cancellous texture of bone, 45. 
Capacity of chest, vital, 202. 
how increased or dimiiiished, 193 
—199, 

of heart, 125. 

Capillarie.s, icx), 155. 
circulation in, 16O4 
rate of, 162. 1 

contraction of, 164. 
development of, 764. 
diameter of, 156. 
influence of on circulation, 166. 
lymphatic, 349. 
network of, 157. 
number of, 15^. 

passage of corpuscles through 
walls of, 164. 

• resistance toflow of blood in, 161. 
still layer in, 163* 
structure of, 156. 
sj^temic, 103. ^ 

oflttugs, 193, 209. 
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Capillaries, continued, 
of muscle, 586. 

<»f stomach, 271. 

Capsule ofGlissoii, 316. 

(^ipsules, Malpighian, 443. 

Carbon, union of with oxygon, pro- 
ducing heat, 236. 

Carbonic aci<l in atmosphere, 210. 
in blood, 87, 89, 219. 
cflect of in producing asphyxia, 

231. 

exhaled from skin, 434. 

- ‘increase of in breathed air, 21 1. 
in lungs, 208. 

in relation to heat of body, 236. 
Cardiac orifice, action of, 287. 
sphincter of, 223, 
relaxation in vomiting, 290. 
Cardiac brandies of pnehinogastric 
nerve, 558. 

Caidiograph, 123. 

Cuniivoi’ous animals, food of, 246. 

sense of smell in, 634. * 

'Cartilage, 41. 
articular, 43. 
cellular, 42. 

chondriri obtained from, ii. 

elastic, 41. • 

fibrous, 43. Sec Fibro-cartilage. 

hyaline, 42. 

matrix of, ih, 

ossification in, 49. 

perichrondrium of, 42. 

j.ermaiieiit, 4j. 

structure of, lb. 

tcfnporary, 41, 43. 

uses of, 44. 

varieties of, 41. 

Cartilage of external ear, use in 
hearing, 682. 

Cartilages of lar^mx, 607. 

of ril)s, elasticity of, 198. 

Casein in blood, 83. 

Catalytic process, 279. 

Caiula equina, 490. # 

Caudate ganglion-corpuscles, 473. 

( 'ells, jffimary or Mementary, 
definition of^ 25. 
contents of, 26. 
shape of, ih \ t 

structure of, ,25. 

blood, 69, See Blood-corpuscles. 

tilage„,4i. • 

embryonic, 90. 


Cells, mitimicd, 

epithelium, 29-34. See Epithe- 
lium. 

of glands, 31; 404. 

action of in secretion, 407. 
lacunar of bone, 47. 
mastoid, 673. 
nerves ending in, 471. 
olfactory, 632. 

, ]>igmcnt, 40. 

of stomach, 267. 

Cellular cartilage, 42. 

Cellular tissue, 35. See Areolar 
Tissue. 

Cement of teeth, 51, 53. 

Centres, nervous. See Nervous 
Centres. 

of ossification, 49. 

Centrifugal nerve- fibres, 475, 
Centripetal nerve-fibres, ib. 
Cerebellum, 524. 
co-ordinate function of, 526. 
cross action of, 530. 
effects of injury of ciira, ih, 
of removal of, 527. 
functions of, 526, 
in relation to sensation, ib, 
to motion, ib. 
to muscular sense, 528. 
to sexual passion, ib. 
structure of, 524. 

Cerebml circulation, i8o. 
ganglia, function of, 521. 
hemispheres. See Cerebrum. 
Cerebral nerves, 538. 
arrangement of, ib, 
third, 539. » 

effects of iritation and injury 
of, ih. 

relation of to iris, 540. 
fourth, S41. 
fifth, 543. 

a conductor of reflex impres- 
sions, 546. I 
distribution qf, 543, 544. 
effect of division of, 387, 547 
inflHence'of on iris, 546. 
on muscles of mastication, 
544. 

on muscular movements, 546. 
on organs of special sense, 

relatum of'to nutrition, 548. 
resemblance to spiualnoi’ves, 543, 
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Cerebral nerves, continued, 

seiinitivc function of greater 
division of, 545. 
sixth, 541. ^ 

communication of, ^willi sym- 
pathetic, 26. 

seventh. Sec Auditory Nerve aud 
Facial Nerve. 

eiglit. See Olosso - pharyngeal, 
Fncumogastric, and Spinal Ac- 
cessory Nerves, 
ninth, 555. 

Ceiebro-spinal nervous system, 463, 
488. 

influence on organic life, 577. 

See Brain, Spinal Cord, etc. 
Cerebro-spinal fluid, relation to oir- 
cula*tion, 182. 

Cerobruin, its stnicture, 531. 
convolutions of, 532. 
crura of, 518. 
development of, 770. 
effects of injury of, 533. 
fLiiictioiis of, ib, 
ill relation to speech, 536. 
relation to mental faculties, 534. 
Cerumen, or ear-wax, 427, C73. 
Chalk-stones, 456. 

Oh ambers of eye, 643. 

Cliarcoal, absorption of, 373. 
Chemical actions, how perceived, 
62S. 

composition of the human body, 7. 
distinctions between animals and 
vegetablc.s, 4. 

soiii'c.es of heat in the body, 236. 
stimuli, action of nerves excited 
by, 477. 

Cbe.st, its cajnicity, 20i. 
contents of, 99, 195. 
contraction of in expiration, 198, 
eulargementof in inspiration, 195. 
Chest-notes, 617, 

Children, refi])iration in, 198. 
Chlorine, action on negro's skin, 439. 
in human bwly, 17., 
in urine, 462. * 

Chloroform, effects of, 517. 
Cholesterin, properties of, ii. 
in bile, 323. 
in blood, 81. 

Chondrin, properties of, n. » 
Chorda dorsalis, 744. 

Chorda tympani, 550. 


Chordai tendinea?, 106. 
action of, 114. 

Choroiii, 751. 
villi of, ib. 

Clioroid coat of eye, 636, 637. 
use of pigment of, 637. 

Cliromatic. aberration, 649. 

Chyle, 349, 357. 
absorption of, 363. 
aiifilysis of, 361. 
bile essential to, 330. 
coiigiilatioij of, 359. ^ 

compared with lymph, 361. 
corpuscles ol‘, 360. Sm Chylc- 
coipiisclcs. 
course of, 348.- 
fibrin of, 359. , 
forces i>i‘opclling, 353. 
molecular base of, 358. 
jiroperties of, ih. 
ipiaiitity found, 362. 
relation of to blood, ih, 

Clivlo-corpus(do.s, 360. 
development into blood-corpus 
93 » 360. 

Chyme, 280, 337. 
absorption of digested parts of, 
• 33 »‘ 

changes of ill intestines, w. 

Cicatrix, effect of nutrition on, 3S9. 

33 » 578.^ 

Ciliary epitludium, 33. 
of air passages, 189. 
function of, 34. 

Ciliary motion, 33, 578. 
action of in bronchial lubes, 209. 
independent of nervous systein. 


:)/y- 

nature of, ih. 

Ciliary muscle, 645. 
action of in adaptation to dis- 
tances, 650. 

Ciliary processes, 638. 

Circulation of blood, 99. 
action of heart on, 109-1 19. 
agents concerned in, 173. 
in arteries, 134. 
force of, 152, 
velocity of, 155. 

•in brain, 180. 
in capillaries, 160. 

^ato of, 162. 
course of, 100, 103. • 

iu erectile structure , 1S3. 
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Circulation of blood, continmd, 
in fwtus, 767. 
forces acting in, 102, 173. 
inflnencc of respiration on, 16. 
peculiarities of in dilfercut parts, 
180. 

portal, 102. 
piiliiionary, loi, 208. 
systemic, 10 1, 103. 
iji veins, 167. 

afTectfd liy muscular jircssurc, 
170. 

• * by ro.spiratory movements, 
17^. 

velocity of, 175. 

velocity of, 1 76, i 

C'ircnlus venosus, 750. I 

C'ircuuiferential nliro-cartilages, 44. 
Cl rcu III vallate mjnllae, 761. 

Cleaving of yelk, process of, 740. 
('left, ocular, 772. 

Clefts, visceral, 761. 

Climate, 1 elation of to heat of bddy, 
234 - 

Clitoris, 717. 
development of, 781. 
an erectile structure, 1834 
Clot or cot^iluni of blood, 60. • 
contraction of, 61. See Coagula- 
tion. 

of chyle, 359. 

Coagulalion, 
of albumen, 13. 
of blood, 60. 
conditions affecting, 66, 
inffucnco of respiration on, 219. 
theories of, 63. 
of chyle, 359. 
of lymph, 361. . . 

Cochlea of the ear, 676. 
office of, 690. 

Cold-blooded animals, 235. 
extent of reflex movements in, 502. 
retention of muscular irritability 
in, 592. 

Collateral circulation in veins, 171. 
Colloids, 369. * 

Colon, 309. 

Colostrum, 785. 

Colouring mattera, i6. ^ « 

Colouring matter of bile, 323. 
of blood, 74, 

ofiirimj, 459. • 

Colours, optical phenomena nf, 659, 


Columns? carne«T, 107. 
action of, in. 

Columnar epithelium, 31. 
layer of retina, 640. 

Columns of medulla oblongata, 
509. ■ ^ 

Columns of spinal cord, 490. 
functions of, 498. 

Combined movements, office of cere- 
belluiu ill, 527. 

Commissure of spinal cord, 490. 

Coiniilomental air, 201. 
colours, 660. 

Concha, 671. 
use of, 680, 

Conduction of impressions, 
in medulla oblongata, 513. 
in or through nerve-centres, 484. 
in nerve-fibres, 474. 
in s]»iiial cord, 495. 
in .sympathetii; neiTe, 572. 

Conductors, nerve-fibres as, 474. 

Conglomerate glands, 403. 

( \)ui vasculosi, 732. 

(^)nieill ])apilhc, 701. 

Cbiijuiictiva, 636. 

Connective tissue, 35. Scr Areolar 
Tissue. 

corpuscles, 37. 

Coiisonant.s, 619. 
varieties of, 621. 

Contractility, 
ofarierics, 138. 
of bronchial tubes, 207. 
muscular tissue, 587. 
iiilliiciice of nerves on, ib. 

Coutniction, ' 
of coagulated fibrin, 61. 
of muscular tissue, mode of, 588. 

Contralto voice, 614. 

(convoluted glands, 403* 

Convolutions, cerebral, 53!. 

Co-ordination of movements, office 
of cerebellum in, 527. 
office of liymptithetic ganglia in, 
574. , 

Cop]»ei*, an accidental element in tlic 
body, 19. 
in bile, 324* 

Cord, spinal. See Spinal Cord, 
umbilical, 757. 

Conis, tendinous, in heart, io6. 
vocal. Sec Vocal Conls, 

1 Coriuin, 419, 4?!. 
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Cornea, 636, 637, 
action of on rays of light, 642. 
nutrition of, >387. 
yu’otective function of, 645. 
ulceration of, in imperfect nutri- 
tion, 387. 

after injury of fifth nerve, 

547. 

Coi’pora Arantii, 108, 1 19. 
geniculata, 520. 

(piadrigeniina, ib. 

their function, 521, 
striata, 520. 
their function, 521. 

Cor] ins callosum, office of, 536. 
eavernosum penis, 183. 

(lentatum, 525* 
luteuni, 727. 

of liunian female, 728. 
of inanunaliaii animals, ih. 
of inciistniatiou and pregnancy 
compared, 731. 
spongiosum urethrae, 183. 

Corpuscles of blood. Blood- 
corpuscles, 
of chyle, 359. 
of connective tissue, 37. 
of lymph, 358. 
nerve. Nerve-coi'puscles. 
raciniau, 471. 

Cortical substance of kidney, 440. 
of lym]»hatic glands, 355. 

Corti’.s rods, 678. 
office of, 692. 

Costal types of respiration, 198. 

Coughing, inflnence ou circulation 
in veins, 174. 
mochanisin of, 222. 
sensation in larynx before, 486. 

Cowmer’s glands, 731. 
office uncertain, 737. 

Cracked voice, 616. 

Cramp, 484, 495. 

Cranium, deyolopment of, 760. 

Crafisan^entum, 69. 

Creatin and Creatiiiiu,^ i6. 
in blood, 82. ’ * 

in urine, 460. 

Crico-aryteiioid muscles, 609, 610. 

Cricoid cartilages, 607. 

Cross paralysis, 513. 

Crura ceiebelli, 524. ^ 

effect of dividing, 53a 
of irritating, 526. 


Crura, continifM. 
cerebri, 518. 
effects of dividing, 520. 
their office, 520. 

Crust a petrosa, 51, 53. 

Cryptogamic; plants, movements of 
a])orcs of, 5. 

Crystalline lens, 643. 

in relation to vision at dilTcr(‘iit 
distances, 650. 
masses in ear, 690. 

(’r\sl*dloids, 369. 

Crystals, growth of, 2. * 

in blood, 74. 

Cu]»ped a]>pearanco of blood- clot, 62. 

Curves of arteries, 144. 

Cuticle. See E]»idcrinis, E])itlie- 
lium. * 

of hair, ‘429. 
tliiekcning of, 391. 

Cutis an serin a, 583. 
vera, 419, 421. 

Cyjfnate of ammonia, 453. 

(’ylindrieal quthelium, 33. 

Cystic duct, 314, 326. 

(’ys'tiri in urine, 462. 

Cytobhists, 23. 

ii> developing and growing parts, 
382. 

D. 

Daj^ time of, influciiee on exhala- 
tion of carbonic acid, 214. 

Dpca]»itatecl animals, reilex acts in, 

501. 

Decay of blood-corpuscles, 93. 

Decidua, '754. 
rcfloxa, ib. 
serotina, ib» 
vera, ib. 

Decomposition, tendency of animal 
compounds to, 10. 

Decussation of fibres in medulla 
« oblongata, 511^ 512. 
in spinal cord, 499. 
of optic nerves,* 668. 

Dcftiication, mechanism of, 223. 
influence of spinal cord on, 508. 

Degeneration of tooth-fangs, 380. 

Deglutition, 263. 
connection witk wfedulla oblon- 
^ta, 516. * 

a reflex act, 500, 
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Doj^lutitioii, emtiumd. 
relation of pneiimogastric nerve, 
to, 559. 

Dental groove, primitive, 54. 

Dentine, 51. 

Depressor nerve, 563. 

Derma, 419, 

Deseendeus noni iiej’ve, 565. 

Devolopnient, 3, 739. 
relation to growth, 390. 
of organs, 758. 
of alimentary canal, 773. 

*of 1)1 ood, 90. 
of bone, 49. 
of ein]>ryo, 739, c. s. 
of extremities, 762. 
of face and visceral arches, 760. 
of heai t and vesseds, 763. 
of nervous system, 776. 
of organs of sense, ib, 
of lesjnratory apparatus, 776. 
of Teeth, 54. 

ot vascular system, 763. 
ot vertebral column and craiiinni, 



I'atus and sexual organs, 777. 
Dextrin, formation of in digestion, 
286. 

Diabetes, 336, 452. 

Diaphragm, 99. 

action of on abdominal visceiti, 
221. 

in inspiration, 195, 196. 
in various icspiratory acts, 220, 
225. 

in vomitiiig, 289, 290. 
Dicrotous pulse, 151. 

Diet, inHuonee of uu blood, 84. 
Ditfasioii of gases in rcspinition,2o8. 

of impression^, 486. 

Digestion, general natui’e of, 245. 
of food in the iiitesiiiies, 297. 
of food in the stomach, 265, 276. 
influence of nervous system on, 
291. 

of sbnnacli after death, 294. 
Gastric Fluid, Food, Stomach. 
Digestive fluid. See Gastric Fluid, 
artilicial, 278 t 

trnet of mucous Tnembrane, 398- 
Direetmn of sounds, percoptiou of, 
693.. 

of vision, 656. ' 


Discus proligerus, 719. 

Disease in relation to assimilation 
and nutrition, 384. 
in relation to heat of body, 234. 
Diseased parts, assimilation in, 389. 
Diseases, alteration of blood pro- 
duced by, 384. 

maintenance of alterations by, 
389 - 

reflex acts in, 507. 

Distance, adaptation of eye to, 649 
-652. 

of souiidH, bow judged of, 694. 
Distinctness of vision, bow secured, 
647 - 

Dorsal lamime, 743, 760. 

Doi-stim of tongue, 700. 

Double hearing, 695. ‘ 

vision, C64. 

DrcJirns, i>hent>mena of, 535. 

Droj)sy, serous fluid of, contains 
albuiiien, 13. 

Drowning, cause of death in, 229. 
Duct, cystic, 314, 326. 
hepatic, 314, 320. 
thoracic, 349, 358. 
vitelline, 745. 

Ductless glands, 410. 

Ducts of glands, arrnngenicnt of, 
401. 

contraction of, 407. 
lactiferous, 784. 

Ductus arteriosus, 769. 
venosus, 767. 
closure of, 769. 

Duodenum, 297. 

Duration of iu^pressions on retiim, 

659. 

Duverncy’s glainis, 718. 

Dysphagia, absorption from nutri- 
tive batlis in, 438. 


E. . 

Ear, 671. 

bones or ossicles of, 674. 

function of, 685, 
development of, 773. 
externa^ 671. 

function of, 680. 
internal, 675. 

iuuctiou of, 689. 
middle, 673. 
function 6S3. 
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Ertopia vesioir, ohscrvatioiis on, 447. 
Eff<’r(int nervo-Jibres, 475. 
lymphatics, 356. 
vessels of kidney, 444. 

Eggs as articles of food, 247. 

Eighth cerebral nerve, 553. 

Elastic cartilage, 41. 
coat of urteri( 3 S, 133. 
fibres, 36. 

if'coil of chest and lungs, 199. 
tissue, in arteiies, 133. 

in bronchi, 18S. 
tissues, heat developed in, 233. 
Elasticity, 
of arteries, 135. 
enii)loyed in expiration, 198. 
Eh'ctriciiy, elfect on nerves, 477. 

El ectro-Tii agn etisui, 
eflect on arteries, 140. 
on rigor mortis, 593. 
on voluntary niuseles, 591. 
Elcmeiilary substances in the human 
body, 7. 
aocidentsU, 19. 

Embrjvj. See Development and 
l\(dns. 

formation of blood in, 90. 

Emission of semen a reflex act, 505* 
EiiKttions, connection of with cere- 
bral homispliercs, 533. 

Enamel of teeth, 51, 53. 

End -bulbs, 425, 471. 

Knd-]»lates, motorial, 471. 
Einlolymph, 676, 678. 

function of, 689. 

End osmometer, 368. 

Epidermis, 30, 419. 
ilevelopment, etc. of, 3S0. 
functions ot^ 426, 
hinders absorption, 372. 
nutrition of, 385. 
pigment of, 420. 
relation to sensibility, 426. 
structure "of, 21, 30, 419. 
thickening of, 42a 
Epididymis, 731. 

Epiglottis, 

action in swallowing, 264. 
influence of on voice, 612. 

Epilepsy, reflex acts in, 488. 
Epithelium, 29. 

ciliated, 34* . .1 * » 

parts occupied by, %&• ffee ; 
Ciliary Motion.^ 


Epilhol ium , co 7 ii'/n n<!d. 
cylindrical or columnar, 31. 
glandular, ib. 

relation to gland cells, 31, 401. 

spheroidal, 39. 

sipiamous or tessclaled, 30. 

uses of, 34. 

of air-cells, 192. 

of arteries, 133. 

of })roriehi, 1S9. 

of hroiicliial tubes, 100. 

of Eallopiaii tubes, 715. , 

of (IraaliJiii follicles, 718. 

of hc])alic duct, 320- 

of iiiteslimd villi, 306. 

absolution by, 33S, 364. 
of Liebeiknlin’s glands, 209. 
of muouns mcnibranes, 39S. 
of olfactory region, 631. 
of Scilivary glands, 258. 
of secreting glninls, 401. 

(^f serous incinbrancs, 395. 

of the tongue, 702. 

of tubular glamls of stomach, 2C8, 

of tympanum, 673. 

of uiiue-tulics, 441. 

ill bile, 324. 

in mucous, 15. 

in saliva, 25S. 

in urine, 459. 

Erec.t position of objects, poiccption 
of, 653. 

Erectile stnictures, circnlatmn in, 

183- 

Erection, ih. 
cause of, 184. 

infiueiKJO of nmscidar tissue in, 
ih. 

of penis, connection of with cere-^ 
bellum, 528. 
a reflex act, 505. 

Eunuchs, voice of, 616. 

Eustachian tube, 
development of, 773. 
thnetion of, 688. 

Excito-motor andLsensori-raotor act s, 
504, note. 

Excreta in relation to muscular ac- 
tion, 602. 

Bxcretin, 342. 

Excretoleic acid, 342. 

Excretion, 

direct and indirect, of»bile, 329. 
general nature of, 394. 
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ExcretoiT oi’sa^is, inllueuoe of on 
bloail, 95, i86. 

Exercisti, 

eftects of on jnnsclcs, 375. 
on riorvous tisane, 376.. 
on ]>rodiictioii of carbohic aoitl, 
215. 

on temperature of body, 242. 
on venous circulation, 172. 
undue, increased growth from, 

Expansion and contraction chest, 

195-199. 

Ex]mation, 195. 
influence of on circulation, 174. 
mechanism of, 198. 
muscles concerned in, ih. 
rclMtivo duration of, 200. 

E\'j*ired air, properties of, 210. 
Exinc.ssion, loss of in paralysis of 
facial nerve, 551. 

Expulsive actions, meclianism * of, 
223. 

Extractive matters, 
in blood, 82, 

in urine, 459. , - . 

Extremities, dcvelo])mcnt of, 7Q2. 
Eye, 636, c. s. 

adaptation to vision at diflcront 
distances, 649-652. 
capillary vessels of, 1 159. 
development of, 770. 
ertect on, of injury of facial nerve, 

of flfth nci-ve, 387, 548. 
ijmveiiients of, 542. 
iieivcK, supplying muscles of, 
539 * 543 * 

» optical apparatus of, 645, 
refraeding media of, 642, 
structure of, 636. 

Eyelids, development of, 773. 

Eyes, simultaneous action of in 
vision, 664. ^ 


Face, development of, 760. 
eflect of injury of seventh nerve 
on, 552. 

influen<je of fifth nerve on, 545. 
Facial nerve, 550. • 

effects of paralysis of, 551, 
relation of to expression, 552. 


Fioces, composition of, 342. 
quantity of, ib. 
result of examination of, 2S3. 

Fallopian tubes, 714. 
ciliated epithelium in, 33. 
oi>ening into abdomen, 396. 
reflex action of, 506, 

Falsetto notes, 617. 

Fasciaj, 37. 

Fasciculi of muscles, 583. 

Fasciculus, 
olivary, 512. 
teres, ib. 

Fasting, 

influence on secretion of bile, 326. 
saliva during, 259. 

Fat, ‘ 

action of bile on, 330, 338. 
of pancreatic secretion on, 313, 

338- 

ot small intestine on, 338. 
situations where found, 38. 
structure of, ib. 
uses of, 39. 

Fatty acid, volatile, in blood, Si. 

Fatty substances, 

composition and description of, 1 1. 
absorbed by Incteals, 338. 
in relation to heat of body, 242. 
of bile, 323. 
in blo(xl, 81. 

use of, 97. 
of chyle, 358. 

Femulo geiierativo organs, 714. 
voice, 614. 

Fenestra oval is, 676. 

©llicc of, 689. 
rotunda, 677. 
office of, 689. 

Fermentation, digestion compared 
with, 279. 

Ferments, 16. 

Fibre- cells of involuntary muscle, 
581. 

Fibres of Midler, 640, 641, 
of mugclc, involuntary, 58 1. 
voluntary, 583. See Muscular 
Tissue. 

of nerves. See Nerve-fibres, 
various forms of, 28. 

Fibrils or filaments, 28. 
muscular, 585. 

Fibrin in blo^, 81, 

coaguhitj^ principle in, 60. 
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Fibrin, continued. 
use of, 96. 
ill chyle, 359. 

<‘oinpared with albumen, 14. 
formation of, 64. 

artificial, 14. 
in lyini)h, 358, 361. 
sources and properties, of, 14. 
vegetable, 249, 

weight in blood includes white 
corpuscles, 81. 

Fibriiioplastic and librinogenous 
matter, 65, 

Fibrinoplastin, 65, 74. 
Fibro-cartilago, 41. 
w'bite, 44. 
yellow, 43. 

Fibrinogen, 65. 

Field of vision, actual and ideal size 
of, 654. 

Fifth nei-ve, 543. Sec Cerebral 
Nerves. 

Filaments, 28. 
seminal, 734. 

Filiform ]»apillaj of tongue, 7cx), 701. 
Fillet, 512, 

Filum terminalo, 490, 538. 

Fiiiibriffi of Fallopian tube, 715. 
Fingers, development of, 763. 

Fish, 

cerebella of, 529. 
temperature of, 235. 

Fissure of spinal cord, 490. 

Fistula, gastric, experiments in 
cases of, 272, 274, 277. 

Flesh compared with blood, 69. 
Fluids, passjige of through mem- 
branes, 368. 

Fluorin in animal body, \T> 

Focal distance, 649, 

Fmtus, 
blood of, 90. 
circulation in, 767. 
communication with mother, 755 
'757. 

fjBces of, 327. 
office of bilo in, 328. 

K ilsc in, 125. 

ides, . 

Graafian, 71& See Graafian Vesi- 
clos. 

of hair, 429. • 

of Lieberkuhn, 299. 

Food, 245-254. 


Food, cotdimird, 
action of bile on, 330. 
of gastric fluid, 276, 280, 281. 
of pancreatic secretion, 313. 
of ]»epsin, mode of, 279. 
of saliva, 261-263. ' 
of stomach, 287. 

albuminous changes of, 284, 313, 

339. 

am^daceous, changes of, 262, 286, 
3 * 2 , 339. 

aniftial, digestion of, 281. 1 

of animals, 246. 

. calorifaeient or respiratory, 24S. 
of cariiivoious animals, 249. 
changes of by digestion, cheniical, 
284. « 

striiotural, ih. 
in liirge ini esti lies, 340. 
ill mouth, 256. 
in small intestines, 337-340. 
in stomach, 2S0-286. 
cuissifieutioii of, 245. 
digostihility of articles of, 283. 

value dependent on, 255. 
digestion of, in intestines, 297. 

in stomach, 265. 
eggs, an exam])le of mixed, 247. 
fatty elements of, changes of, 

313, 330. 

general puiposos of, 245. 
of herbitorous animals, 249. 
lupiid, absorption of, 281, 339. 
of man, 249. 
milk, a natural, 246. 
mixed, the best for man, 253-56. 
mixture of, necessary, 245-49. 
nitrogenous and iioii-nitrogeiious 

245. 

oleaginous principles of, change 
ill stomach, 286. 

ptassago of through alimentary 
• canal, 256. 
into stomach, 263. 
rfilatioii of to carbonic acid pro- 
duced, 214b 
to excretion, 252-56. 
to heat of body, 242. 
to muscular action, 603. 

* of gastric fluid, 271. 

of saliva, 260. . 
relation of to urea, 454. 
to urine, 449. • 

phosphates in, 461. 
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Food, contimtcd. 

siilpluir in, 460. 

saccharine princi])les of, changes 
ill stomach, 286. 
solid, action of gastric fluid on, 28 1 . 
swallowing of, 273. 
time occupied in passage of, 342. 
vegetable, contains nitvogeuous 
principles, 249. 
changes of in digestion, 280. 
Foramen ovale, 767, 769. 

F(p‘m of bodies, liow estimatcjd, 657. 
Fornix, oflice of, 536. 

Fourth \entricle, 511, 531. 

t;erel>ifil nerve, 541. 

Fovea centralis, 639, 641. 

Freezing, effect Qf on blood, 67. 
Fre([ii»‘iicy of heart’s actioji, 124. 
Fun Cl ions of parts, 

(liselmrgc of, attended with ini- 
])aii'meut of tissue, 375. 
growt li from undue exei cise of, ;^9 1 . 
Fundus of uterus, 71C. 

Fungiform papillje of tongue, 700, 
701. 

G. 

r;alacto]iborous duets, 7S4. 
Gall-bladder, passage of bile into 
and from, 326. 

Ganglia, mode of action. See Ner- 
vous Centres. 

cerebral or sensory, functions of; 

521. 

of spinal nerves, 493, 567. 
of the sympathetic, 568, 
stnicture of, 570. 
action of, 573. 

as po-ordinators of involuntary 
inovemciU.s, 573. 
in heart, 131. 

in substance of organs, 575. 
Ganglion, Gasserian, 543, 568. 
corpuscles, 473, 570, See Nelre- 
corymscles. « 

Ganglionic fibres, 494. 

Ganglionic nervous system. See 
Sym^Mitlietic Nerves. 

Gases, absorption of by blood, yjt. 
absorbed by the skin, 439. 
in blood, 89. , 

in stomasih and intestines, 343. 
in urine, 463. 


Gastric fliihl, 271. 
acid in, 275. 

action of on albuminous prin- 
ciples, 284. 
on food, 2S0 ' 86. 
favoured by division, 280. 
nature of, 279. 

on saccliiiriiie and amylaceous 
]miiciplc.s, 286. 
artificial, 278. 
characters of, 274. 
composition of, ih. 
digisstive po'v^ cr of, 276. 
experiments witli, 276-78, 28 1 * 
86 . 

pep.sin in, 275. 
quantity of, 272. 
secretion of, ih. 
howtxcited, 273-74. 
inflnonce of nervous system on, 
292. 

Gastric veins, bh»od of, 87. 
Gelatinous substances, ii. 

Gelatin, digestion of, 284. 
insutlicieiit as foocl, 249. 
yuoperties of, 11. 

Generation and development, 713. 
Generative organs of tlic female, 

714. 

Genito-urinary tract of mucous 
membrane, 399. 

Germinal area, 743. 
matter, 20. 
membrane, 742. 
spot, 720. 

development of, 721. 
vesicle, 720. 
development of, 721. 
disappearance of, 739. 

Gizzard, action of, 287. 

Gland, pineal, 537. 
pituifeiry, 538. 
prostate, 731, 737. 

Gland-cells, agents of sefcretion,40i. 

relation to epitlieliuin, 31, 401. 
Gland-ducts, aiTangoraeiit of, 404. 

contractions of, 407. 

Glands, aggregated, 403. 

Brunn’s, 305. 
ceruminous,' 427. 
conglomerate, 403. 

Coder's, 731, 737. 
ductless, 410. 

Duvemey’s, 718. 
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Glands, continued. 
of large intestine, 310. 
lenticular of intestine, ih, 
of stom!\L*li, 270. 
of Lieberklilm, 299. 
lymphatic. ^ccLyruphatfc Glands, 
of Peycr, 300. 
inninmary, 782. 
salivary, 256. 
sebaceous, 428. 

isecreting. Sec Secreting Glands, 
of small intestine, 29S. 
of stomach, 268. 

.sudoriparous, 426. 
tubular, 401. 
of large intestine, 310. 
of stomach, 268. 

vascular,* 410. See Vascular 
Glands. 

vulvo-vaginal, 718. 

Glandula Nabothi, 717. 

Glandular epithelium, 31. 

(Uisson’s capsule, 315. 

Globulin, 74. 

Globus major and minor, 732. 
Glosso-pharyngeal nerve, 553. 
rommuuicatious of, 554. 
motor lilaineiits in, 554. 
a nerve of common sensation and 
of taste, 556, 704. 

Glottis, action of lai-yngcal muscles 
oil, 609, 610. 

closed in vomiting, 223, 289. 
effect of division of pneiimogastric 
nerves on, 561. 
forms assumed by, 610. 
iiarrowirm of, proportioned to 
height of note, 612. 
respiratory movements of, 200. 
Glucose in blood, 83. 

Gluten in vegetables, 249. 
Glycocholic acid, 323. 

Glycogen or glycogenic substance, 

334 ; . 

Glucose, ih. ^ 

Graafian vesicles, 718. ^ 

formation and development of, 

7 * 8 . 723. 728. 
constant, 723. 

relation of ovum to, 718, 722. 
rapture of, changes following, 727. 
Granular layer of retina, 640. , 

Granules, 22. See Molecules* 
Grape-sugar in blood, 83. ' 


Grey matter of cerebellum, 525. 
of cerebral ganglia, 521. 
of cerebrum, 532. 
of crura cerebri, 518. 
of iiiedulla obloiigatn, 509. 
of pons.Varolii, 518. 
of spinal cord, 490. 
functions of, 496-498. 

Groove, primitive, 743. 

primitive dental, 54. 

Growth, 390. 

coincident with development, 2.^ 
390 - 

compared with common nutrition, 

, 393 - 

conditions of, ih. 
continuance of, 39^. 
as hypertrophy, 392. 
increased by increase of function, 

391. 

not peculiar to living beings, 2. 
Gum, insuflicicnt as fooil, 248. 
Gusliftory nerves, 555, 703. 


H. 

Habitual movements, 50G. 
Hiomatin, 77. 

Hu'madyiiamomoter, 152. 
experiments on respiratory power 
with, 204. 

ITicmodromcter, 155. 

JHaunoglobiii, 74, 85, 219. 

Hair, 428. 
easting of, 378, 
chemical composition of, 15. 
development and growth of, 377. 
growth near old ulcers, 393. 
structure of, 428. 

Hair Iblliclos, 429. 

their secretion, 432. 

Halitus or odour of blood, 57. 
Hamulus, 677. 

Hand,* princi])al scat of sense of 
touch, 708. 

Haversian canals, 40. 

Hearing, anatomy of organs of, 671. 
double, 695. 

impaired by lesion of facial nerve, 



of Irfbyrinth, 689-92. • 
of middle ear, 683-689. 
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Hearing, contimicd, 
pli5*8iol()gy of, 679. 

See Sound, Vibrations, etc. 

Heart, 102- 132. 
action of, 109. 
effects of, 132. 
force of, 126. 
frequency of, 124. 
after removal, 129. 
rhytliiiiic, 128. 
weakened in asj)hyxiii, 228. 

^ auricles of, 102. ‘ ^ • 

their action, 109. 

Scrt Auricles, 
chordfe tcudinoic of, 106. 
columnai caniea^ of, 107. 
oiuirse of blgod in, 103. 
development of, 763. 

of cavities nnd septa, 765. 
fleshy columns of, 107. 

action of, iii. 
ganglia of, 129. 
hypertrophy of, 392. ' 

impulse of, 123. 

inniiencc of pneumogastric nerve, 

, 557 . 559 - 

of sympathetic nerve, 129, 574, 

575 - 

muscular fibres of, 587. 
nervous connections with other 
organs, 131. 
sounds of, 1 19. 
first, 120. 

in relation to pulse, 160. 
second, 121. 
stiiicturc of, 102. 
tendinous cords of, 106. 
valves of, thoir action, 112. 
arterial or .semilunar, io8. 

action of, 115. 
auriculo ventricular, 105. 
action of, 1 14. 

ventricles of, their action, i ro. 
capacity, 128. 

Hearts, lymphatic. Seo iympli- 
hearts. 

Heat, action or on nerves, 476. 
Animal, 2^1. Temperature, 
adaptation to climate, 234. 
connection of with respiration, 

. - 236:238. 
influence of age on, 232. 
of exei-cise, 232. 
of external coverings, 243. 


Heat, contimicd. 
of food, 242. 
of nervous system, 243. 
losses by radiation, etc., 238. 
in relation to bile, 328. 
sources and modes of produc- 
tion, 236. 

developed in contraction of mus- 
cles, 233, 589. 
pp.rcoption of, 712. 

Heat or rut, 724. 

analogous to iiienstrnation, 726. 
Height, relation to respiratory capa- 
city, 202. 

Hclicotrema, 677. 

Helix of ear, 671. 

Hemisjdieres, Cerebral, ike Ocre- 
hriim. 

Hc]iatic cells, 316. 
dmda, 314, 320. 
veins, 319. 

characters of blood in, 88. 
vessels, arrangement of, 316. 
Hepatiu, 334. 

Herbivorous animals, 
perception of odours by, 634. 
HormsiphroditisTn, fl])pareut, 782. 
Hiccoiigli, mechanism of, 222. 
Hilus of kidney, 44a 
ajdccn, 412. 

Hip-joint, pain in its diseases, 4S5, 

499. 

Hippuii<! acid in blood, 83. 
in urine, 458. 

Horny matter, chemical composition 
of, 15. 

Horae’s WoihJ, peculiar coagulation 
of. 73- 

cerebellum, 52^9. 

Hunger, sensation of, 291, 

Hyaline cartilage, 42. 

Hybernation, retarded respiration, 
etc., during, 231. 
state of thymus iu, 416. 
teinperaturtiin, 238. 
Hydrochlgric acid in gastric fluid, 
*275- 

Hydrophobia, spasms of, 488. 
Hygromotiic conditions influencing 
resjnration, 214. 

Hymen, 717. 

Hypertrophy, 392. 

Hypoglossal nerve, 565. 
Hypos^iadias, 782. 
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Ideas, connection of with cei'i-brnni, 

533- 

Ilouin, 297. 

lleo-cifical valve, 297, 309. 

structure and action, 31 1, 345. 
Imaf'e, formation of on retina, 646, 
distinctness of, 647. 
inversion of, 652. 

Impressions, 

retained and re^irodnced in cere- 
brum, 533. 

Impulse of heart, 122. 

[liens, 674. 
function of, 686. 

Intlanimatjjry blood, coagulation of, 

67. 

corjnisch'S hi, 73. 

Infundilmlum, 191. 

] iihibitoiy infineiice of pneumo- 
gastrie nerve, 131. 

Inhibitory nerves, 4.75. 

Inorganic elements in human body, 

17. 

Insects, temperature of, 237. 
Insjuration, 195. 

(•lastic 1‘c.sistauoe overcome by, 206. 
force employed in, 204. 

during apmea, 206. 
inlluenco of on circulation, 174. 
mechanism of, 195. 

Tnstahilityof organic foiiipoiiiids, 9. 
I iitellectual faculties, relation to cc- 
rcbriini, 532. 

Interarticular libro-cartilage, 44. 
Intercellular substance, 27, 
Jntereostal muscles, action in in- 
spiration, 195. 
in expiration, 199. 

Interlobular veins, 317. 

Intestinal canal, development oF, 

746, 773- 

Intestines, digestion in, 297. 
fatty discharges from, 313. 
gases in, 343. 
large, digestion in, 340. 
glands of, 310. 
structure of, 309. 
movements of, 344. 
small, changes of food in, 337. 
glands of, 299. t , 

structure of, 297. 
valvulie conniventes of, 298. 


Intestines, continued. 

villi of, 306. 

Intonation, 621. 

Intralobular veins, 317. • 

Inversion of images on retina, 652. 

correction of, 653. 

Involuntary movements originated 
by will, 523. 
muscles, action of, 602. 
stmeture of, 581. 

Iris, 644. 

actioh of, 540, 648. • 

ill adaptation to distances, 651. 
I'apillaries of, 159. 
development of^ 772. 
iiillueiice of fifth nerve on, 546. 
of sixth nerve, 541, note. 
of thinl nerve, 540. 
relation of to optic nerve, 540, 
stmeture and function of, 644. 

I ron in parts of body in wliicli found, 

j8. 

Irritability of muscular tissue, 587. 

Iter a tertio ad ipuirtuiii vcnlricu- 
Inm, 531. 

Ivory of teeth, 51. 

• J. 

Jacob’s membrane, 640. 

Jacobson’s nerve, 553. 

Jejunum, 297. 

Jetting How of blood in arteries, 137. 
Juiniiing, 601. 

K. 

Keratin, 15, 

Kidne5% increased function of one, • 
408. 

Kidneys, their stmeture, 440. 
blood-vessels of, how distributed, 

• 443. 

capillaries of, 159, 444. 
de\’blopment of, 777. 
function of, 446. • (Sec Urine. 
Malpighian bodies of, 443. 
tubules of, 441. 

Knee, pain of, in diseased hip, 485, 

*499- 


! L,.bia externa and interna, 717. 



INDEX. 


£04 

Labyrinth of this cai', 675. 
iin*inbrauous, 678. 
osseous, 676. 

1‘imctioii of, 689. 

Lacteal s, 349. 

absorption by, 363. • 

contain lymph in fasting, 358. 
origin of, 350. 
structure of, 353. 
ill villi, 308, 363. 

Lactic acid in blood, 83. 

in gastric Iluid, 275. « 

Lactiferous ducts, 784. 

Ijacunse of bone, 47, 48. 

Lamella? of bone, 48. 

Lamina spiralis, 677. 
use of, 691. , 

Lamime doi-.sales, 743, 7G0. 

visccj-ales or ventralcs, 745, 761 
Liinguage, liow produced, 619. 
Large intestine. See Intestine. 
I^aryngeal nerves, 557. 

Larynx, constniction of, 606. ' 
influence of pnenniogiistric ut*r\ 
on, 558-561. 

iiTitation referred to, 485. 
muscles of, 609. 

variations in according to sfex and 
age, 615. 

ventricles of, 619. 
vocal cords of, 606, 609. 

Laws of functions of nerves, 483. 
Laxator tympaiii muscle, 674. 

Lrfiad an accidontal element, 19. 
Leaping, 60 1. 

J.ogumcii idejitical with casein, 249. 
Lena, crystalline, 643. 

Lent icuhu' ganglion, relation of third 
nerve to, 539. 

Lenticular glands of stomach, 270. 

of large intestiuo, 310. 
Leucocytes, 76. 

Lcucocythffimia, state of vascular 
glands in, 417. 

Levator pnlpebrre* superioris,* ncn'c 
BupBhing..S39. 

i.ev<jr8, diflerent Kinds of, 595. 
iiicberktihn’s glands, 
in laige intestines, 310. 
in stomach, 300. « 

Life, ' 
animal, 464. 

depeivlcnco of on medulla oblon- 
gata, 513. 


Life, conthnmL 

natural term of, for each particle, 
380. 

organic, 464. 

siiiiplogt manifestation of, r. 
Lightning, condition of blood after 
death by, 68. 

Lime, salts of, in human body, iS. 
phosi>hate of, in allumicn, 13. 
in hlood, 81. 

in bones and teeth, 18, 45. 
in tissues, 18. 

Lingual branch of fifth neiTe, 547, 
548, S 5 S. 704- 

Lips, influence of fifth nerve on 
movements of, 545. 

Liquid part of food, ab^oiqitioii of, 
281, 339- 

Liquor amnii, 748. 

Lhpior siinguiiiis, 56, 60. 
lymph derived from, 364. 
still layer of in cajiillarios, 163. 
Lithium, absorption of salts of, 371. 
Liver, 314. 

action of on albuminous matte is, 

332. ^ 

on saccharine matters, ih, 
a Idood-making organ, 102. 
blood-vessels of, 318-21. 
capillurics of, 159. 
ceils of, 316. 
circulation in, loi. 
development of, 775. 
ducts of, 321. 
functions of, 322, 
in fietus, 328. 

glycogenic function of, 333. 
secretion of, 322. See Bile, 
structure of, 314. 
sugar foiTOcd by, 333-336. 
test for presence of sugar in, 333. 
Living liodies, properties of, i. 
tissues, contact with, retards co- 
agulation, 66. «• 

Lobes of lungs,,. 190. 

Lobules of jiver, 315. 

ofhings, 190. 

Locus niger, 520. 

Love, physical, cerebellum, in rela- 
tion to, 528. 

Luminous circles prodiiceii by pres- 
V sure on eyeball, 665. 
impressions, duration of, 659. 
Lungs, 187, 193, 



IXDEX. 


Luiif^s, contimml. 
cs»]>illjines of, 159. 
fc-lls of, 19 1- 193. 
changes of air in, 208. 
circulation in, loi, 209.* 
congestion of, in nspliyxia, 229. 
after division of piieuniogastric 
nerve, 562. | 

contraction of, 199. ; 

coverings of, 188. i 

<lcvclopiiieiJt of, 777. 
elasticity of, 199. 
interceliiilnr passages in, 191. 

Jobes of, 190. 
lobules of, 190. 

luuvoinonts of in r<.‘spiration, 194- 
200 * 

nutrition of, 209. 

])ositioii of, 187. 

structure of, 187, 190. 

siiiJplied l>y piicumogastric nerve, 

. , 557 , 559 ‘ ^ 

Lynipii, analysis of, 360. 
couiparcd with chyle, ih, 
with blood, 362. 
gcMiei’al cliiiructers of, 357. 
iiuaiitity formed, 362. 
relation to blood, 361, 365. 
TiVinpli-corpuseJes, structure of, 358. 
ill blood, 92. 

development into bloo<l-corpus- 
cles, 93. 

l.yinpli-hearts, structure and action 
of, 365. 

relation of to spinal <‘ord, 366, 
508. 

Lvinphatic glands, structure of, 

354. 

fmietion of, 358. 

Lymphatic vesseds, 
absorption by, 364. 
commiiuioation with serous cavi- 
ties, 352. 

communication with blood-vessels, 
358 . , ' 

contraction of, 354. * 

course of fluid in, 348. 
distribution of, 349, 
origin of, 349. 

propulsion of lymph hy, 353. 
structure of, 347, 353. 
valves of, 353. 

Lymphoid tissue. See lletifonu 
Tissues. « 


M. 

Macula germinativa, 720. 

Magnesium in human body, 18. 

Maintenaijcc or assiniilatioii, nature 
of tile process. Sec Growth, 
nutritive, 374. 
of blood, 93. 

Male sexual functions, 731. 
voice, 614. 

Malleus^ 674. 

function of, 686. * 

Malpighian bodies, 441, 443. 
c.a.psules, 442, 443, 444. 

Mammary glands, 782. 

Manganese, an accidental element, 
18. 

Marginal fibi'o-cartilages, 44. 

Marrow of bone, 45. 

Mastication, 257. 
fifth nerve supplies muscles of, 
544 - 

Mastoid colls, 673, 

Matrix of cartilage, 41. 
of nails, 431. . 

^leatus of car, 671. 
urii^irius, o[)eiuug of in female, 
717. 

Mechanical irritation, violent, effect 
on nerves, 476. 

Meconium, biliary princiiiles in, 327. 

Medulla of bone, 45. 
of hair, 429. 

Medulla oblongata, 509, 518. 
analogy to spinal coni, 512. 
columns of, 510. 

distribution of fibres of, 51 r, 
conduction of impressions in, 513. 
congested in asphyxia, 228. 
decussation of fibres in, 5 1 1, 512. 
development of, 770. 
cllects of injury and disease of, 514. 
fibres of, how distributed, 511. 
functions of, 513. 
important to maintenance of life, 

iK 

influence on deglutition, 516. 
on respiration, 226, 514, 517. 
^011 speech, 517* 
maintenance of power 
as a iieive centre, 513. 
pyramids of, anteVior, 5y. 

posterior, 512. 
i\ fleeting power of, 515, 
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Mcdiillii, continued, ! 

sei isjition mid voluntmy power not • 
soated’iii, 517. 
structui-c of, 509. 

JMedullary poition of kidnpy, 440. 
subatauec of lyiiiphatfi* j^landa, 
355 - 

substance of iicrve-iibre, 466. 
Membriiim decidua, 754. 
granulosa, 718. 

dcvelojinicnt of into coipus lu- 
c teiini, 730. ** 

limitiis, 640. 

l>ropria. See Dasenjent membrane. 
j>uj)illaris, 772. 
capsiiJo-pupillaris, ih. 
tyinpani, 675. 
office of, 684, 687. • 

Membrane, blastodermic, 742. 

Jacob’s, 640. 
ossilicution in, 49. 
primary or basement. Scr J 5 ase- 
ment membrane, 
vitelline, 719, 740. 

Membranes, mucous. S(c lilucous 
membranes. 

Membranes, serous. Sec §eruus 
membranes. 

Membranes, passage of fluids 
tlirougli, 368. 
sccmtiiig, 395. 

Membranous labyrinth, 676, 678. 
Monior}*, ivlation to cerebral hemi- 
spheres, 533. 
firenstruation," 724. 
analogous with heat, 726. 
coincident with discharge of ova, 

725. 

corpus luteuiii of, 730. 
phenomena of, 727. ; 

time of appearance and cessation, i 

726. 

Menstrual discharge, (‘imposition 
of, 727. 

Mental derangement, 535. * 

exertion, eScet on heat of body, 
243 - 

on |fhosphate$ in urine, 461. 
faculties, development of in pro- 
portion to brain, 533. * 

theory of special localisation of, 

field cl^ ismn, 654. 

Mercury, absoqdion of, 372, 438. 


Mesenteric arteries, contraction of, 

140. 

veins, Idood of, 87. 

Meshes of capillary network, 159. 
Mosooextbalon, 518. 

Metallic substances, absorption of 
by skin, 437. 

Mezzo-soprano vohv*, 615. 
Micturition, action of spinal cord 

in» 505- 

Milk, as food, 246. 
propei-ties of, 785. 
secretion of, 784. 

Milk-globules, 785. 

Milk-tectli, 55. 

Mind, cerebral licmisjiliere the 
organs of, 533-536. • 
influence on action of lienrt, 1 28. 
on animal heat. 243. 
on digestion, 283, 294. 
on hearing, 693. 
on movements of intestines, 346. 
on nutrition, 383. 
on res])ii-atory acts, 226, 294. 
on secretion, 408? 
on secretion of saliva, 260. 
in taste, 704. 
in touch, 707. 
in vision, 653“66o. 
perception of special seiisalioiis 
by, 623. 

independently of organs, 625. 
p(‘rception of tninsl'erred impres- 
sions, 486. 

power of eoncontration 011 tin- 
sense's, 658. 

of exciting sensations, 712. 
reflex movements independent ot, 
500. 

sensitive impressions referred to 
parts by, 481. 
antral valve, 105. 

Mixed food for man, 252. 

necessity of, 246. ' 

Modiolus, 676. 

Mole.<;ules, 'or granules, 22. 
in blood, 78. 
in milk, 785. 
movement of in cells, 27. 
Molecular base; of chyle, 358. 
motion, 23. 

Mcftiotoiious voice, 614. 
Mortifleatiou from deficient blood, 

384. , 
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^lotion, ciuises aiul plicnompna of,* 
578. 

ciliary, 578. Sec Cilia, 
molecular, 23. 1 

Jiuiscular, 580. . i 

action on bone.s as lovers, 595. | 
nerves of, 476. i 

of objects, how jiul^jcd, 657. i 

liowei* of, not essentially distinc- j 

tivo of animals, 5. j 

sensation of, 627. I 

Motor impulses, transmission of in | 

coni, 499. i 

neiTC-libres, 475 - 1 

nerves, cranial, 539. ! 

laws of action of, 4S2. 
roots «f spinal nerves, 493, 565. { 

Motor linguic nerve, 5C5, ♦ ' 

oculi, or tliiixl nerve, 539. 

Motorial end-plates, 471. 

Mouth, ebaiiges of food in, 256. 

nioistenetl with saliva, 260. 
Movements of intestines, 344. 
of nuLScles, 595. 
habitual, 506, 523. 
rellex. See I{(dle.v Actions, 
sensation of, 710. 
symmetrical, 542. 
produced by irritiition of auditory 
nerve, 697. ' 

of rcs])iration, 200. \ 

of stomacli, 287. 

Mucous layer of blastodermic mem- ; 

brano, 742. j 

jMucous membranes, 398. | 

basement meinbiaiie of, 399, 400. 
capillaries of, 159. 
eomimnent striietnros of, 399. 
epithelium - cells of, 400. See 
Ej)ithclium. 
gland-cells of, 400. 
tracts of, 398. 
of intestines, 298, 310. 
of stomach, 2O6. 
of tongue, 698* 

of uterus, chaiigos of in preg- j 
nancy, 752. 

Mucus, nature of, 15, 
acid, of vagina, 57. 
in bile, 322. 

of mouth, mixed with saliva, 258. 
in urine, 459. » 

Multi iK>lar nerve -cells, 474. 

Muscles of animal life^ 583. 


Muscles, cmitinued. 
assisting erection, 185. 
assisting vomiting, 289. 
changes in, by exercise, 375, 
contraction of, 588. 
cttectof pre,ssurc of, on veins, 1 70. 
heat developed in contraction of, 

589. 

involuntary, 581. 
moving eyeball, 539. 

larynx, 609. 
neives of, 587. 
nutrition of, 385. 
of organic life, 583. 

.sensibility of, 588. 
sound developed in contraction 
of, 591- . 

source of jiction of, 602. 
striated, 583, 588. 
voluntary, 583. 
action of, 595. 

blood-vessels and nerves of, 

• 586, 587. 

work of, bow estimated, 603. 
Mnseuhir ci)at of arteries, 133, 138. 
of large intestine, 309. 
of small intestine, 297, 29S. 

* of stomach, 265. 
libres, involuntaiy, 581. 

voluntary, 584. 
of stomach, action of, 287. 
of villi in intestines, 307. 
force, idea of, how derived, 710. 
motion, 580. 

movements. See Movements, 
sense, 587, 709. 

cerebellum the organ ol, 528. 
strength tested by resjjiratory 
elfort-s, 204. 

tissue, of animal life, 583. * 

ill arteries, 133. 
contractility of, 587. 

. fjontractioii of, 588. 

heat develoiied in, 589. 

- sound in, 590. 
otiect of sti^uiU on, 476, 590. 
of heart, 586. 
involuntaiy, 581. 
irritability of, 587. 

» duration of, after death, 592. 
of organic life, 583. 

^properties of, 587. 
rigidity of, after dtath, 592. 
sensibility of, 588. 
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Muscular, rouihiiicd. 
striped, 583. 

struclurc of, 583-586. 
unstriped, 580-583. 
situations where found, 582. 
structure of, ih, 
in veins, 167. 
tone, 508. 

^luscularis Mucosa*, 267, 298, 306, 

307. 

Muscularity, 

of arteries, 138. •* 

* evidence of, 140. 

puiijoses of, 141. 
of lymphatics, 353. 
of lymph-hearts, 366. 

Musics'll sounds, 6/4. 

Myo]>ia, or short-sightedness, 651. 
Myosin, 15. 


Nahothi glanduhv, 717. ^ 

Nails. 

chemical composition of, 15. 
structure of, 431. 
growth of, tb. 

Narcotic poisons in stoTnach, cx- 
jieriincnta on, 293. 

Nasal cavities in relation to smell, 

633- . 

Nates (brain), 520. 

Natural organic (;oni]iounds, 9. 

classification of, 10, 

Ner\’e, depressor, 563* 
Nerve-centres, 465. See Cerebel- 
lum, cerebrum, etc. 
conduction in or through, 484. 
congestion of in asphyxia, 230. 

^ diffusion or radiation in, 486. 

* functions of, 483. 
perception in, 484. 
reflexion in, 486. 

conditions of, 487. 
transference ot impressions in, 483. 
vaso-motor, 576, 

Nerve-corpuscles, 473. 
caudate or stellate, 474. 
of retina, 641, 
simple, 474. 

Nerve-fibres, 465-483. * 

axis-cylinder of, 466. 
cerebro-spinal, 465. « 

eonduetioif of impressions by, 477. 
of one kind only, 478. 


Nerve-fibres, continued. 
into of, 478. 
routiiiuity of, 470. 
course of, 470. 

difrereiiccin fuiictipu not attended 
by difference of structure, 47 5. 
effects of injury and division, 479, 
480, 482. 
fasciculi of, 470. 
force not generated by, 475. 
functions <»f, 474. 
effect of chemical stimulation, 

477 - 

of mechanical irrilaiion, 476, 

479. 

of temi>eraturo, 476. 
impressions on, roieiTcd'to peri- 
phery, 481. 
kinds of, 465. 
laws of action, 477. 
of motor nerves, 482. 
of sensitive nerves, 478. 
medulhuy or white suj>stancc of, 
465. 

]>lexuses of, 470. 
of retina, 641. 
size of, 467. 

.structure of, 465. 
sympathetic, 468. 
terminations of, 470. 
in cells, 471. 
ill fi’co enils, ih. 
in inotorial end-plates, ih. 
ill networks or ]>lexuscs, ih. 
in special teniiimil organs, ih. 
NeiTes, 

action of sliinuli 011, 475-477- 
nffeTcnt, 475. 
centrifugal, 475. 
centripetal, ih. 

cerebnil, jdiysiology of, 538. S e 
Cerebnil Nei-ves. 
efferent, 475. 
excito-vaso-iiiotor, 577*. 
inhibitory, 13 1, 475. 
of inotipii, or motor, 475. 

laws of action in, 482. 
respiratory, 226. 
of .sensation, or sensitive, 475. 

laws of action in, 478. 
of special sense, 538. 
seerrtory, 409, 475. 
spinal, 493. Sea Spinal Nerves, 
stimuli of, 476. 
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Nerves, militiued. * 

structure of, 465. 
sympjitlietic. See Sympathetic 
Nerve, 

trophic, 38S, 475. * 
iiliiar, etrectof couijn-cssion of, 479 
of division of, 482. 
vaso* inhibitory, 577. 
vaso-inotor, 142, 576. 

Nervi-nervoruni, 481. 

Nervous Ibroo, velocity of, 488. 
layer of retina, 641. 

Nervous substance, chaii'^os in from 
mental exertion, 376. 
librous, 465. 

phosphorus in urine from, 461. 
vesidular, 464, 473. 

Nervous system, 463. 
cerebro-spiiial, 463, 488. 
ileveloi»nient of, 743, 770. 
(‘loinentaiy structure ot, 464. See 
Nerve-corpuscles, and Nerve- 
libres. 

innueiice of, on animal heat, 243. 
oil arteries, 142. 
on contiactilit}^, 587. 
on contraction of blood-vessels, 
142, 577- 
on erection, 184, 
on ^^'istric digestion, 291. 
on the lieart's action, 129. 
on movements of intestines, 346. 

of stomach, 294. 
on luitrithm, 385. 
on respiration, 226. 
on secretion, 40S. 
on spliineter ani, 346. 
of organic life, 464, 568, 
sympathetic, 464. 

Nervous abdueeiis sen ocularis ex- 
tenms, 541, 

patlicticus sen trochloaris, 541. 
vagus, 557. See Pueumogastric. 

Networks, Vapilhiry, 157. Cai»il- 

laries. ' 

Neuralgia, division of*nervqp for, 480. 

New-born animals, heat of, 232, 

Ninth cerebral nerve, 565. 

Nipple, nn erectile organ, 1S3. 
structure of, 784. 

Nitrogen in blood, 89, 90. 
inlluence of in dccompositfcn, 10. 
in ndation to food, 253. 
in respiration, 216., 


Nitrogenous food, 245, 248. 
in relation to muscular work, 
603. 

in relation to urea, 454. » 

to uric acid, 456. 
principles, ii. 

Noise, how produced, 692. 

Noises in ears, 696. 

Nose. See Smell, 
irritation referred to, 486. 
restoration of, sensitive pheno- 
* meiia ill, 481. • 

Non-azotised or Non-nitrogciious 
food, 245. 

oi'gaiiic principles, ro. 
Non-vascuhir parts, nutrition of, 

i 3^5- 

' Niielei,. 

I description of, 23. 

• ill developing and growing parts, 

382. 

Nucleoli or nueleus-eov])Uscles, 23. 
Nutrition coinpuied with sccietion, 

405- 

conditions necessary to, 383. 
cxaui}>lns of, 376. 

^ciicrul nature of, 374. 
inllut'uec of coiKlitions of blood 
on, 3S3. 

i of nervous system on, 385, 54S. 

I of state of jMirt on, 3S9. 
i of supply of Mood on, 384. 
j of sympathetic nerves on, 575. 

I ill jiaralysed parts, 386. 

I in vascular and noii-vascuhu* 

j ])arts, 385. 

Nutritive, 

I repetition, 382. 

f reproduction, ilu • 

j Nymplue, 717. 


0 . 

06 li<pTe Tiiuseles of tlic eye, action 

i ot; 543- • 

Ocular clett, 773. 

spcctnini, 659. 

Odours, 

* causes of, 630. 
different kinds of, 634. 
pircejition of, 630. 
varies in different Masses, 634. ^ 
j relation to taste, 705. 
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Gisoi)lingus, action of in deglutition, 
265. 

Viiilex movements of, 500. 
i], absorption of, 364, 373. 
ily matter, ii. 
coatctl with albuiiien, 359. • 
Oleaginous principles, digestion of, 
286, 313, 330, 338. 

Olein, II. 

Olfactory cells, 632. 
lobes, fimctioiis of, 521. 
nepre, 631. ^ 

subjective seiisalioiis of, 635. 
Olivfiry body, 51 1. 
fasciculus, 512. 

Ophthaliuic ganglion, relation of 
third nerve to, ,539. 

Optic lobes, corpora quadrigeiuina, 
hoiiiologues of, 521. 
functions of, 521. 
nerve, ilccussatioii of, 668. 
fibres of, 475. , 

point of entrance insensible to 
sight, 663. 

tbalumus, function ot, 521. 
Ye.si(!le, priimuy, 770. 
secoiKlary, 772. 

Optical angle, 655. 

Ora serrata of retina, 638. 

Onil canal and oral opening, 620. 
Organic compounds, instability of, 9. 
peculiarities of some, 8. 
processes, iiiilueuec of sympHtlictic 
nerve upon, 573. 
Organisation, delinitioii of, 8. 
Organs, plurality of cerebral, 534. 
Organs of sense, dcvelopnieiitof, 770. 
Os orb culare, 674. 

0^ uteri, 717. 

Osmosis, 368. 

Osseous labyrinth, 676. 

Ossicles of the ear, 674. 

office of, 685. 

Ossicula auditUM, 674. 

Ossification, 49. * 

Otoconia or OtoUthe«, 679. 

u.se of, 690, 

Ovaries, 714, 

enlargement of at puberty, 723. 
Graatian vesicles in, 718. 

Ovisacs, 718. 

Ovulu Kabotbi, 717, , 

Ovum, 719. • 

^ action of seminal fluid on, 738. 


Ovum, conihiued. 
changes of in ovary, 722. 

previous to formation of cm- 

739 - 

siihscciueiit to cleaving, 741. 
in uterus, 742. * 

i cleaving of yelk, 740. 

' connexion of with uterus, 751. 

! dis(!harge of from ovary, 723. 
formation of, 721. 
germinal membrane of, 742. 
germinal vesicle and spot of, 720. 
impregnation of, 731. 
structure of, 719. 

I Oviduct, or Fallopian tube, 714, 715- 
I Oxalic acid in urine, 463. 

: Oxygen, 

ill blood, 89, 219. 

) consumed in breathing, 210, 215. 
1 etfccts of, on colour of 1 flood, 85, 
on laihiioimry cireulutiun, lOo. 
proportion of to carbonic acid, 

215. 

iiiiioii w’ith carbon and byditigen, 
producing heat, 236. 


P. 

Paeuiian bodies or corpusiflcs, 471 . 
Pain excited by the miiul, 712. 

in paralysed parts, 479. 

Palate in relation to deglutition, 264. 
nerves of, 559. 

Palate and uvula in relation to voice, 
618. 

Palmitin, ii. 

Pancreas, 312. 
development of, 775. 
functions of, 312. 

Pancreatic fluid, 312. 

Paiiereatin, ib. 

; Papilla*, 

' of the kidney, 441. ' 

{ of skin, distribution of, 421. 

I ond-bplbs m, 425, 426. 

, epithelium of, 425. 

nerve-fibres in, 422^ 
i supply of blood to, 422. 

touch corpu.scles in, 423. 

I of teeth, 54. 

! of totguo, 698, 700. 

I circumvallate or calyciforni, 

I 701. . 
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Papilla', continued, 
of tongue, eoiiical or filiform, 701. 
fungiform, ib. 
use of, 703. 

Paraglobulin, 74. 

Par vaguni. iScc Piicuiiiogsistrie 
nerve. 

Paralysed parts, 
pain in, 479. 
niitritioii of, 3S6. 
limbs, temperature of, 243. 
preservation ot sensibility 111, 481 . 
Paralysis, cross, 513. 

.seat of, according to ]iart of cerc- 
bro-sjiiiial axis injured, 496. 
Paraplegia, 
delivery in, 506. 

iiillueiice of spinal coni sliou n in, 

496. 

reflex movements in, 501. 
state of intestines in, 34O. 

Parotid gland, saliva from, 259. 
Particles, 

changes of in nutrition, 375. 
duration of life in each, 3«Sr. 
natural decay and death, 376, 
process of forming new, 382. 
removal when impaired or effete, 
376 - 

Parturition, ineehanism of, 224, 
Pathcticus, or fourth nerve, 541. 
Pause ill heart’s action, 119, 120. 

respiratory, 200. 

Peduncles, 

of tlie ceit^belluni, 525. 
of tin* eercbnim, 531. 

Pelvis of the kidney, 441. 

Penis, 

corpus caverno.sum of, 1S3. 
development of, 782. 
erection of, explained, 183. 
reflex action in, 184, 505. 

Peiisin, 16, 275. 

Peptone, *285. 

Perception of sensations by cerebral 
hemisphereg, 484, 5 j2, 
Periehoiidrium, 42. 

Perilymph, or fluid of labyrinth of 
ear, 678. 
use of, 689. 

Periosteum, 42. 

Peristaltic movements of iitestiiies, 


344 - ' 

of stomach, 288. 


I 

I 


Permanent cartilage, 41. 
teeth, 50. 

Perspiration, cutaneons, 432. 
insensible and sensible, 434. ^ 

ordinary constituents of, ib. 
Peyc'r’s glands, 301. 
functions of, 303. 
patcluss, 301. 

resemblaiii'o to vascular gland.s, 

305. 410. 

structure of, 302. 

Plikrynx, ^ 

action of in .swallowing, 264, 500, 
560. 

influence of glosso-pharyngciil 
nerve on, 544. 

of pncuruogastric nerve on, 55cS, 
• 559 . 

Phosphates ill tissues, 17. 

}>resi;nt in albumen, 13. 
ill blood, 80, 82. 
in urine, 462. 

Phosphorus in human body, 17. 
union of with oxygen producing 
heat, 236, vote,. 
in urine, source of, 462. 
Phrenology, 535. 

Physiology, definition of, i. 

IMa Tnatcr, civeulatioii in, i8i. 
Pigment, 39. 

of clioroid coat of eye, 637. 
composition of, 41. 
of hair, 378, 429. 
of skin, 420. 
uses of, 41. 

Pigment cells, form of, 26, 40. 
Piiieargliind, 537 - 
Pinna of ear, 671. 

“Pins and needles,” sensation pf, 

-^ 79 - . , ^ 

Pitch ot voice, 618. 

Pitli of hair, 429. 

Pitnitary gland, 537. 

Placenta, 749, 752. 

* fonmiiiou of, 755. 
ftetal ami iiMitcrnal, 757. 
i-elation of to the liver, 328. 
stnicturos composing, 757, 

Plants, 

distinctions from aifiinals, 4. 
Plexuses of nerves, 470. 

* terminal, 471. 
of spinal nerves, relation to i, 

492. * 
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rjieiimogastlic nerve, 557. 
(lislributioii of, 557. 
mixed fuiiciiou of, 558. 
infliieiioe on jiction of heart, 131. 

* oil deglutition, 265. 
on digestion, 293. 
on functions of Itii^nx, 558, 
559- 

of (CStipllllgUS, S59. 
of Inngs, 'i6. 
ofpliiivynx, 558, SS9. 
on movcmenls of stomaWi, 
•294. 

on resinration, 514, 561. 
on secretion of gastric fluid, 
293. 294* 

on sensation of liunger,29i. 
of tliirst, 292. 

oi igin of from inednlla oblongata, 

5*4. 

Poisoned wounds, absorption from, 
373, 

Poisons, narcotic, introduced in * 
stonnieh, 293. 

Polarity of mut'el(*.s, 595, 'twfe. 
Polygamous birds, their cerebclla, 

529- 

Pons Varolii, its struclurn, 51 8. * 

J’ortal blood, characters of, 87. 
canals, 316. 
circulation, 102. 
function of sidccn with regard 
I0, 418. 

veins, airaiig<!inenr of, 316. 

Portio dura, of seventh nerve, 550. 

mollis, of seventh nerve, 679. 

Post mortem rigidity. Sec liigor 
Mortis. 

Posture, effect of on the heart’s 
* action, 1 25. 

Potassium, salts of, in fluids and 
tissues, 17. 

Pregnancy, absence of menstruation 
during, 727. 
corpus luteum 0 f, 73 1 , 
influence on blood, §3. 
Presbyopia, or long - siglitcduess, 

652. 

Pressure on eye, effects of, 665, 
Primary mcn^rane, 395, 400. 
Pmnitivo, dental gi'oove, 54. 
fubcicuLi and tlbvils of lunsclo, . 

583-585. 

«« guoovo in cmbiyo, 743. 


Principles, nitrogenous, ii. 

non-iiitrogenous, 10. 

Process, vermiform, 524. 

Processus gracilis, 674. 

a ccrebello ad testes, 531. 

Prostate gland, 731. 
j functions of secretion unknown, 
737 - 

Proiagon, 74. 

Proteiils, 245. 

Prot cin-compounds, 12. 

Protoplasm, 20, 77. 

Ptyalin, action oti 262. 
l*ubci*ty, 

changes at period of, 723. 
indicated by menstruation, 726. 
Pudenda, 7 1 7. • 

Pulmonary artery, valves of, 108, 119 
(.apillarics, 192. 
circulation, loi. 
influence of carbonic acid on, 
228. 

of pncumogastric nerve- on, 

561. 

velocity of, 179. • 

I\ilp of Iiair, 378. 

of teeth, 51. 

Pulse, arterial, 143. 
cause of, ik 
dicrotons, 15 1. 
dilference of time iu, 145. 
ex])lauation of, 148. 
i’r(M|ucn(iy of, 124. 
influence of ago in, ib. 

of food, ])0sture, etc., 125. 
observations on with sjdiygmo- 
graph, 146-148. 
relation of to respiration, 126. 
tracings of, 148, 151. 
in large arteries, 150. 
in radial arteiy, 15 1. 
variations in, 124-126. 
iu ca]»IllariGs, 160, 161. 

Pupil of eye, office of, 644. * 
relation of third nerve to, 540. 
Purgative action of bile, 327. 

Pus, contains albumen, 13. 

] Putrefaction. Sne Decomposition, 
arrested by gastric fluid, 274. 

« Pylorus, structure of, 266. 
action of, 287, 288. 

Pyramidal poilion of kidney, 440. 
Pvramids of medulla oblongata, 5 1 1, 

“ 512. 
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Quadrupeds, rctiiuu of, 6C7. 

K. 

Eadiatioii of inipreasions, 486, 499. 
'Eectum, 309. 

evacujitiou of, a reflex act, 505. 
mechanism of, 292. 

Ecflcxioii of impressioiiK, 486. 
hy medulla oolon^jata, 515. 
by spijial cord, 499, 

Keflex actions, 486, 499. 
ill accidents, 506. 
conditions necessary to, 487. 
in disease, 507. 
examples of, 501, 505. 
excito-motor and sen sori -motor, 
504, note, 

general rules of, 487. 
independent of mind, 487, 501-505. 
influence of cord on, 500, 507. 
irregular in disease, 487. 
after se])aratioii of cord from 
brain, SOI, 505. 
pui*posive in health, 487. 
relation of liftli nerve to, 546. 
relation to volition, 505. 

to walking, running, etc., 506. 
sustained, 488. 
in tetanus, &c., 507. 

Keflex functions of incdidla oidon- 
gata, 515. 
of spinal cord, 500. 

Kefracting media of eye, 642. 
llefraction, laws of, 642* 

Kenal arteries, arrangement of, 444. 

veins, blood of, 89. 

Kepair. See Nutrition. 

retarded in paralysed parts, 386. 
Repetition, nutritive, 382. 
Reproduction, nutritive, il. 

Reserve air, 20i. , 

R(‘sidual air, ih , 

Kesj)iration, 186. • 

.abdominal type of, 198. 
ammonia and other products ex- 
haled by, 218. 

carbonic acid increased hy, 21 1. 
ciianges of air in, 2lo. ^ 
of blood in, 219. 
costal types of, 198, 


Respiration, cGiitimiciL 
force of, 203-207. 
frcfinency of, 203. 
influence of lirain on, 504. 
of medulla obloiig.ata, 225-227, 

■ S>3-Si6. 

of pneumogastricnerve, 5 14, 560. 
nic(‘luinisin of, 194. 
movements of, 195. (SrcRcspini- 
tory movements, 
of air in, 208. 

^ of blood in, ib, 
nitrogen in relation to, 216. 
oxygen diminished by, 215. 
quantity of air changed in, 201. 
relation of to the pulse, 126. 
structure of organs of, 188 194. 
suspension and arrest of, 227. 
tem]»erature of air increased by, 
210. 

types of, 198. 

watery vapour exhaled in, 217. 
^Respiratory capacity of chest, 202. 
fiiiujtion of skin, 436. 
movements, 195-199. 
of air tubes, 207. 
centre of, the medulla oblongata , 

• 514. 

eflect of on circulation, 173. 
excited through nerves, 515, 
by various stimuli, 516. 
of expiration, 198. 
of glottis, 200. 

intlueuce on amount of carbonic 
acid, 212. 
of inspiration, 195. 

-relation to will, 504. 
various, mechanism of, 20c. 
muscles, 195, 199. ^ 

l)Ower of, 204. 
secondary, 227, 
nerves, 227. 
rhythm, 200. 

tract of mucous membrane, 399. 
Rest, favourable to coagulation, b6. 
Restiform boc^ies, 510, 512. 
Retching, explanation of, 290. 

Reto mucosum, 420. 
testis, 732. 

j Betifomi tissue, 267, *98, 355. 
Retina, 638. 

^duration of impressions on, 659. 
* of after-sensations, 659. 
i effect of pressure on, 665. 
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Kctiua, co 7 Uimuid. 
focal distance of, 649. 
function of, 641. 

ima^e on, how formed distinctly, 
647. 

inversion of, )iow corrected*, 653. 
hisensible at entrance of optic 
nerve, 663. 

insufficient alone for distinct 
vision, 642. 
ill rjnadnipeds, 667. 
reci^procal action of parts of, (%i. 
in relation to direction of vision, 
656. 

to motion of bodies, 657. 
to siiif'le vision, 664. 
to size of field Qf vision, 654. 
stmeture of, 638. 

rjiytlim of heart, cause of, 128. 
Ucc Heart, 
respiratory, 200. 
llif^or mortis, 592. 
affects all classes of muscles, 594* 
plienomena and causes of, 593. 
J’iiiia frlottidis, inovements of in re- 
spiration, 200. 

Itods of (Jorti, 678. 

use of, 692. 

Hoot of nail, 431. 
iioot'shcatli of hair, 431. 

'Knots of spinal neiwes, 490, 493. 
anterior and posterior, siiecial pro- 
])crties of, 404. 
notation, 

following injury of crura ccrebclli, 

530. 

produced by dividing the crum 
cerebri, 521. 

iLOiilcanx, formation of in blood, 62, 

* 73 - 

Kubbing, infiucnce on cutaneous ab- 
sorption, 437, 

Ixiiga^ or folds of stomach, 266, 
Kumi nation, 290. 

Knniiing, mechanism of, 602. 

Hut or heat, 724, , 


S. 

* 

Saccharine principles of food, diges- 
tion ot; 286, ^ 

action of biio on, 332. * 

absorption of, 339. 


1 Sacculiis, 678. 

I Safety-valve action of tricuspid 
I valve, 115. 

Saline constituents of bile, 324. 

I Saline constituents of blood, 82. 

I use of, 97. 

of urine, 460. 

matters, absorption of, 369. 
Saliva, action of on food, 262. 
on starch, 263, 
composition of, 260. 
digestive propeities of, 262. 
mechanical purposes of, 261. 

! organs for production of, 258. 

I physical properties of, 259. 

I purposes of, 261. 

I cjiiantity secreted, 260. , 

! rate of k'cretion, ib. 

i reaction of, 259. 

I relation to gastric fluid, 263, 

i Salivary glands, 256. 
j development of, 774. 

I Salts, alkaline and cartliy, influences 
on coagulation, 65. 

Sarcodc, 20, 

Sarcolemma, 584. 

Sarcous elements, 585. 

Seal a media, 677. 
tympani, 677. 
vestibuli, ib. 

Sclerotic, 637, 645. 

S(!ui*vy from want of vegetables, 255. 
Season, influence on carbonic acid 
' expired, 213. 

< Sebaceous glands, 428. 
j their secretion, 432. 

, Sctu'cting glands, 401. 

I aggregated, 403. 

convoluted tubular, 403. 
tubular or simple, 401. 

Secreting membranes. ISec Mucous 
and serous membranes. 
Secretion, 394. 

action of cells and nuclK in, 404. 
apparatus necesstiry for, 395. 
circumstances* influencing, 407. 
discharge of, 406. 
general nature of, 394. 
influence of nervous system on, 
. 408. 

of sympathetic nerve, 573. 
of (Quantity of blood, 407. 
proc*^8s of, 394. 

relation or antagonism of, 409. 
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Secretion, continued. 
reseinblaiKic to nutrition, 405. 
l»y iiiembraiies, 395. 
mucous, 398. 


serous, 395. , 

synovial, 398. 
ill vascular gbinds, 408. 

Selection of materials for absorption, 

363- 

Seinicircailar canals of car, 676. 
development of, 773. 
use of, 689. 

Semilunar valves, 108. 

action of, 1 15. 

Seminal fluid, 734. 

composition of, 738. 
coi-jnlscles and gi*aniiles of, 734. 
emission of, a reflex act, 505. 
influence on ovum and embryo, 

, 738. 

tilaments, 734. 

purpose of, 735. 
tubes, 732. 
vesicles, 735. 

Sensation attended by ideas, 71 1. 
cerebral nerves of, 538. 
common, 623. 

conditions necessary to, 711. 
conduction of in spinal cord, 496. 
contrasts in, 712. 
delinition of, 623. 
excited by mind, 712. 

by internal causes, 626. 
of hunger, 291, 

influence of attention on, 629,658. 
in flueiice of mind necessary t<», 711. 
of motion,, how perceived, 627. 

muscular, 588, 709-71 1. 
of necessity of breathing, 292. 
nerves of, 475. 

convey impressions to centres 


only, 478. 

impressions on refeired to pen- 
pjiery, 479-481. 
laws of section of, 488. 


perceived in cerebrum, 532. 
preservation of iiiT paralysed 
nerves, 482. 

referred to exterior, 482. 


special, 623. 
stimuli of, 475-477- 
of special, 624-626. • 
ill stumps, 481. 
subjective, 712. 


Sensation, continued. 
of thirst, 291. 
sympathetic, 487. 
tAUich a nioilili cation of, 706. 
traiisfcreiicc and radiation of, 

• 487, 499 - 
two kinds of, 623. 
of volatih 3 bodies, 628. 
of weight, 710. 

Sense, 

of bearing, 671. See Hearing, 

• Sound. , 

of sight, 636. See A^isioii. 
of smell, ib. See Snudl. 
of taste, 697. See Taste, 
of touch. Stv. Touch, 
muscular, 5c;8, 709-71 1. 

S])ecial, nerves of, 538. 
organs of, development of, 770. 
Senses, s]>ecial, general properties 
of, 623. 

action of external and internal 

• stimuli on, 625. 
impairment of from division of 

the, facial nciwe, 551. 
from division of tlic Uftli neri’c, 
547 - 

• influenro ofuttentioii on, 629. 

of internal impi‘essi Oils on nerves 
of, 626. 

qualities of external mallei* per- 
ceived hy, 623, 627. 
special nerves of, 623. 

.stimulus excites in each nerve its 
own sensation, 624. 

Sensitive impressions, conduction of, 

479. 

by spinal cord, 496, 498. 
reference of, 480-482. ^ 

nerves, 476. 

Sensory ganglia, 523. 

Septimi between auricles, foniiation 

between ventricles, formation of, 

• 767. 

Serosity of bipod, 79, 

Serous layer of blastodermic mem- 
brane, 742, 745. 

Serous merabraneS) 395. 

« arrangement of, 396. 

communication of lymphatics 
, with, 352. 

1‘pitliolium of, 395> ^ 

fluid secreted by, 397. • 
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Serous incmlu’aiios, couthincd, 
lining joints, etc-., 396. 

visceral cavities, ib. 
piir]»ose of, 396. 
stomata, 353. 
stnicture of, 395. 

Sernrn, 
of blood, 78. 

chief source of albumen, 13. 
separation of, 60, 78. 

Seventh cerebral nerve, auditoi^’ 
portion, 679, 692. ^ 

■facial portion, 550. 

Sex, influcnco on blood, 83. 
inlluence on production of car- 
bonic acid, 21 1. 

relation of to (-.apacity of chest, 203. 
to respiratory movements, 198, 

Sexual organs and functions in the 
female, 714-731* 
in the male, 731-739. 

Sexual passion, connection of with 
cerobelluin, 528. 

Sighing, mechanism of, 221. 

Sight. Sen Vision. 

Silica, parts iii which found, 17. 

Singing, mechanism of, 614. 

Single Vision, conditions of, 664. 

Sinus tcrminaliis, 750. 
urogeni tails, 779. 

Sinuses of dura mater, 18 1. 

Sixth cerebral nerve, 541. 

Size of field of vision, 654-657. 

Skin, 419. 
absorntion b}^ 437. 
of gases, 439. 

cf metallic substances, 437* 
of water, iJ). 
capillaries of, 161. 
feutis vera of, 421. 
epidermis of, 419. 
evaporation from, 439, 
excretion by, 432-437* 
exhalation of carbonic acid from, 

of watery vapour from, 434, 
functions of, 419. * 
respiratory, 436. 
papillai of, 423-426, 
peispiratiop of, 433. 
retc mucosum of, 420. 
sebaceous glands of, 42S. 
structul-e of^ 419. ‘ 

S sudoriparous glands of, 426. 


Sleej), influence of on production of 
carbonic acid, 215. 

Smell, sense of, 630. 
conditions of, 630. 
different kiiuls of odours, 634. 
impaired by’lesion of facial nerve, 

551* 

imi>aire(l by lesion of fifth nerve, 

. 547. . 

intenial excitants of, 635. 
limited to olfactoi-}' region, 633. 
relation to common sensibility, 

633- 

structure of organ of, 631. 
subjective sensations of, 635. 
varies in different animals, 634. 
Sneezing, caused by sun’s light, 486, 
mechanism of, 223. 

Sniffing, meidninism of, 224. 

smell aiflcd by, 631. 

Soda, salts of in blood, 80. 

in solids and fluids, 17. 

Sodium in human body, 17, 
chloride of, in albumen, 13. 

Solid food, action of gastric fluid on, 
276. 

Solitary glands, 301, 

Sonorous vihratiorKS liowconnmnii- 
cated in ear, 683, e. s, 
in air and water, 683. JSee Sound. 
Soprano voice, 614. 

Sound, 

conduction of by ear, 679. 
by external oar, 680-682. 
by internal car, 6S9-692. 
by middle ear, 683-689. 
movements and sensations pro- 
duccil by, 697. 
perception of, 692. 
of direction of, 693. 
of distance of, 694. 
fi state of the auditory nerve, 

^5. , 

permanence of sensation of, 694. 
produced by contraction of mus- 
cle, 590. 

producticii of, '692. 
subjective, 696. 

Sounds as expressions of passion, 

614. 

classified, 614. 
of heart, 119. 
caiifji^sof, 120. 

Sources of uer>'ous force, 484. 
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Spasms, rofiox acts, 507. 

Sjaiiikiiiff, 614. 

niochaiiism of, 224. 

Spficial souse. /Vee Senses. 

Spectrum -iiualysis, 86. 
of blood, 86. 

Spcclriim, ocular, 659-61, 

S])eecli, 619. 

function of toTJ^jfue in, 622. 
iullueiicc of iiiedullti oblongata 
on, 517. 

S])C*rniar,ozoi(l.s, development of, 734. 
form and structure of, ih, 
function of, 735. 
motion of, 734. 

S])lierical aberration, how coiTcctcd 
in the eye, 648. 

SplieroidM epithelium, 30. 

S[>hiiicter uni, 
external, 345. 
iiiteriiul, 310, 345. 
iutUieiice of spinal cord on, 501, 
508. 

Spbyginograph, 146. 

Spinal accessory nerve, 564. Sac 
Accessory nerve. 

Si>inal cord, 488. 
canal of, 490. 

a collection of nervous centres, 
508. 

columns of, 494. 
coiniiiisaure of, itf. 
coiidnction of impressions b}^ 
495-499. 

course of libres in, 491. 
decussation of sensitive irnpres- 
.sioiis in, 499. 

effect of injuries of, on conduction 
of impressions, 496, 
on nutrition, 386-88. 
enlargement of parts of, 493. 
fissures and furrows ot^ 490. 
functions of, 496-509. 
of columns, 496. 

influence of on heart’s action, 128. 
on lymph-hwirts, 366, 508. 
on sphincter aiif, 500, 508. 
on tone, 509. 

morbid irritability of, 507. 
nerves of, 493-95* 
reflex fiiiictiou of, 500. See Re- 
flex action. ^ 

size of parts of, 492. 
structure of, 490. 


Spinal, cord, coniinnc/ 1 . 
transference and radiation in, 485, 

499. 

Spinal nerves, 
origin of, 493. 
physiology of, 564. 

Spiral canal of cochlea, 676. 
lamina of cochlea, 677. 
function of, 691. 

Spleen, 

as a blood-forming organ, 417. 
ill riilatiou to digestion, 418. 

to portal eireulation, ik * 
biliis of, 412. 

Malj)ighian corpuscles of, 413. 
pulp, 412. 
fttructiire of, 41 1, 
trabecula* of, 41 1. 
stroma of, 412. 

S])h;nic vein, blood of, 87. 
S]K)utaiU'»nis decomposition, 9. 

Spot, germinal, 720. 

Sipiamnus epitbeliiira, 30. 

Stapedius muscle, 674. 

function of, 688, 

Stapes, 674, 676, 

Staridi, 

action of cooking on, 286. 
of ])ancreatic secretion, 313. 
of saliva, 262. 
of various substances, ik 
animal, 334. 

digestion of in small intestine. 

ill stomach, 206. 

Starvation, 250. 
loss of weight in, 250. 
effect on temjicrature, 251. 
symi»toms, 251. 
jieriod of death in, 252. 
appearance after death, 252. 
Statical pressure of blood. 152. 
Stature, relation to capacity of chest, 
202. 

Stearin, 10. 

Stellate nerve-corjmscles, 474. 
Stercoriii, 342. 

allied to cholcsterin, 323. 
Stereoscope, 671. 

Still layer in capillaries, 1^3. 
Stimuli, as excitants of contractility, 
590-92. 

of sthisation, 476, 478. » 

> f special senses, 624- 26. 
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St. Martin, Alexis, case of, 272, | 
277, 281. 

Stomach, 

blood-vessels of, 271. 
development of, 774. 
digestion in, 280-86. 
influence of nervous system 011, 
291. 

digestion of after death, 294. 
examined through lihtulie, 272, 
281. 

glands of, 268. ^ 

• lenticular, 270. 
tubuhu', 268. 
movements of, 287. 

influence ol' nervous system on, 
294 - 

in vomiting, 289. 
m neons incM.ibraiio of, 266. 
muscular cuat of, 265. 

]iassage of substances from to 
urine, 446. 

]>resenceof not absolutely distinc- 
tive ot animals, 7. 
in relation in hunger, 291. 
secretion of, 271. See Gastric 
fluid. 

structure of, 265. 
temperature of,, 272. 

Stri]icd muscular fibre, 583-87. 
Stroma of ovary, 715. 

Structural changes of food in sto- 
mach, 283. 

Structural composition of hu^an 
body, 19. 

Mumps, sensations in, ^81. 
Subi<ictive sensations, 712. 
of sound, 696. 
of taste, 706. 

Snblobular veins, 318. 

Sacking, inechanisra of, 225. 
Sudoriparous glands, 426. 
their distribution, 427. 
number of, ik 
their secretion, 433. 

SufTix'ation, 228-31. 

Sugar, digestion‘of, 286, 332. 
as food, experiments with, 24S. 
formation of in liver, 333-40. 
Sulphates in urine, 460. *, 

Sulphur, in bile, 325. 
in human body, 17. 
union pf w’ith oxj^gen producing 
heat, 216, 236, 7 Cote, 


Sulphur, continued. 
ill urino, 461. 

Suprarenal capsules, 410, 411. . 
development of, 777. 
disease of, relation to discolora- 
tion of skill, 416, twte. 
Swallowing, 263. 

Sweat, 432. 

Synipathetic nerve, 567. 
character of movements executed 
through, 575. 

com mini ication of with liftli nerve, 
549, 568. 

with glosso-pharyiigeal nerve, 
568. 

W’ith piieumogastric nerve, 558, 
568. 

with sixtli ncr\'c, 541' 
with s])iiiul nerves, 568. 
conduction of impressions by, 
572. 

divisions of, 567. 
fibres of, course of, 570. 
ilifl(5reucc.«< of from ccrehro- 
S)>inal fibres, 4(38, 568. 
mixture with ceruhro • spinal 
fibres, 571. 

relation to cercbro-spinal sys- 
tem, 577. 
ganglia of, 567. 
action of, 574. 

co-ordination of moverneuts by, 

. 575 - 

in substance of organs, 575. 
influence of on blood-vessels, 142, 

577. 

on heai-rs action, 128. 
on ill voluntary motion, 574. 
on nutrition, 388, 575. 
on secretion, 408, 575. 
l.hysiolKgy of, 570-78 
structure of, 567-70. 

Sjmovial fluid, secretion of, 398. 

membranes, 396. , 

S5mtouin, 15. , 

Systemic circulation, loi. See Cir- 
culation, 
vessels, 103. 


T. 

Tact, 623, See Touch. 

Tannic acid, test for golaliu, I2. 
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T.iiino-f^elalin, ib. 

Taste, 697. 

conditions for perce]ilion of, 697. 
connection with smell, 705. 
impaired by injury of facial nerve, 

of liith nerve, 547. 
nerves on wliieli the sense de- 
lirtids, 5S5, 703, 704. 
pennaiienre ol impressions, 705. 
sea t of, 698. 

subjective sensations, 706. 
variations of, 704, 

Tauriij^ sulphur combined with, 

325, 110 ( 4 ). 

Taurocliolic acid, 323. 

Teeth, 5C). 

development ami casting of, 54, 
379 - 

]mrts of, 50. 
structure of, 51. 
loinporary and ])prmauent, 5«;. 
Teniperamcut, iiitlucuec ol‘ blood, 
84. 

Temperature, 
average of body, 231. 
cliaiigcs of, effesds of, 234. 
ci real instances m(Hli(\ing, 232. 
of cold-blooded, ami warm-blooded 
animals, 235. 
in diseases, 234. 

increased power of supporting, 
241. 

inlluenoe on amount of carbonic 
acid produced, 213. 
on nerves, 476. 

loss of, 238. , 

maintenan<*e of, 236. 
of Mammalia, binls, etc., 234. 
inodilied by age, etc., 232. 
of j)aralysed ))arta, 243. 
regulation of, 238. 
relation of to combustion of car- 
bon and hydrogen, 236. 
of respired air, aii. 
sensation of variations of, 712. 
See Heat. 

I'oniporary cartilage, 41, 43. 
teeth* 55. 

Tendinous cords, 106. 

Tendons, structure of, 37. 

Tenor voice, 614. a 

Tensor tyinpani muscle, 674. 
office of, 688. 


Tesselated epithelium, 30. 

Testicle, 731. 
development of, 777. 

.structure of, 731. ^ 

Tetanus, rctlex movements in, 507. 
Thalami ojitici, function of, 521. 
Third cerebral nerve, 539. 

Thirst, 

allayed by cutaneous absorption, 
439 - 

cause of, 84. 

sentAition of, 291. , 

Thoracic iliict, 349. 

its contents, 361. 

Thorax, 99. 

Thymus gland, 41 1. 

function of, 414.# 

Thyro-arylenoid muscles, 610. 
Thyroid gland, 41 1, 413. 
fuuetiou of, 415. 

Thyroid (tartilage, structure and 
connections of, 607, 608. 

Tiidhre of voice, 615. 

Tissue., adipose, 38. 

areolar, cellular, or connective, 35. 
fatty, 38. 
muscular, 580. 

Tis.sue8, 

absorption of, 365. 
elementary, structure of, 29. 
decay and removal of, 375. 
erectile, 183. 
mutually excretory, 95* 
nitrogenous, urea derived from, 

455 - 

nutrition of. See Nutrition, 
relation to blood, 1O7. 
vascular and non -vascular, 385. 
Tone of blood-vessels, 142. 
of muscles, 508. 
of voice, 615. 

Tongue, 698. 

action of in deglutition, 264. 

in .sucking, 225. 
epithelium of, 702. 
function of in speech, 622. 
influence of facial nerve 
muscles of, 552. 
motor nerve of, 565. 

%n organ of touch, 703, • 
papillaj of, 698, 7C0. 
parjs most sensitive to taste, 55. 
703 - 

structure of, 698. 
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Tooth-aclie, radiation of sensation 
in, 486. 

Tooth-fan^, 50. 

absorption of, 379 
Tooth-pulp, 51, 52, 55. 

Touch, 706. 
after-sonsatiou of, 71 1. 
tiliaractcrs of cxtcriial bodies as- 
certained by, 707. 
conditions for perfection of, 70S. 
connection of with muscular sense, 

709. 

co-o[)er{iti(m of mind witn, 7 11. 
fuuctioji of <'uticle with regard to, 
426. 

of pajnlhe of skin with regard 
to, 424. 

the liand an organ of, 708. 
niodilication of, 708. 
a modification of coinimm sensa- 
tion, 623, 706. 
a])ceial organs of. 707. 
subjective .sensation of, 712. 

Uie tongue an organ <»f, 704. 
Toiieh-empnscle.s, 423, 471. 
Trachea, 99. 

structure of, 18S. 

Ti aets of medulla oblongata, 509. 
of inneous meinbrane, 398. 
of spinal cord, 41^0. 

Tradescaiitia Virgiiiica, movements 
in cells of, 20. 

T agus, 671. 

Transfiiveuce of im])ro.ssions, 485, 

499- , . . o 

Transplanted skin, sensation in, 481. 
Tricuspid valve, 105. 

safety-valve action of, 115. 
Trigeminal or fifth nei v<f, 543. 

effects of injury of, 388, 540. 
Trochlearis luirve, 541. 

Trophic nerves, 388. 475. 

Tube, Eustaeliiun, 687. 

Tubes, Failoj)ian. iSce Fallopian 
lubes. 

looped, of TIenVi, 442. 

Tubular glands, 401, 
convoluted, 403. 
simple, 401. 

of intd&tines, 310. * 

of stomach, 268. 

Tubules, general structure of,i.28. 
Tubuli sfifliinifcri, 732. 
uriiiiferi, 441. 


Tunica albuginea of testicle, 731. 
T^mipaniira or middle cai*, 673. 
development of, 773. 
functions of, 683. 
meinbrane of, 673. 
structure of, if). 
use of air in, 6S5. 

Types of respiration, 198. 

U. 

tJlcerntion of parts attending in- 
juries of nerves, 386, 547, 548. 
Ulnar nerve, 

effects of tiompression of, 479. 
tif division of, 482. 

Umbilical arteries, contraction of, 

1.39. 

vesicle, 745. 

Understanding, relation of to cero- 
bruni, 533. 

Uiistripcd muscular libi’o, 5S1. 
Urachus, 749. 

Urate of ammonia, 458. 

of soda, 457, 45b. 

Urea, 452. 
in blood, 83, 455. 
chemical composition of, 453. 
identical with cyauate of am- 
monia, 453. 
propt3rtics of, 453. 
quantity of, 454. 
in relation to muscular exertion, 
455. 603. 
sources of, 454. 

^Ureter, 441. 

arrangcunont of, 447. 

Uretlira, develoi>ment of, 782. 

Uric acid, 456. 
in blood, 83. 

condition in which it exists in 
urine, 457. 

forms in which it is deposited, 

4 ' 57 - ' . , 

proportionate quantity of, 457. 
source of, 457. 

Urina sanguinis, ]»otils, et cihi, 
449. 

Urinary bladder, action of, 447* 
development of, 779. 
evveuation of, a reflex act, S^S* 
hypertro])hy of, 392. 
regurgitation |rom prevented, 447* 



INDEX. 


Urine, 446-463. 

{iiialvses of, 451. 
animal extractive in, 459. 
chemical composition of, 450. 
clilorine in, 462. 
colour of, 448. 
colouring matter of, 459. 
creatiu and crcatinin in, 460. 
cyhtin in, 462. 

ihM' uujiosition of by mucus, 459. 
cxiHilsioii of, 44S. 
jlow of into bladder, 447. 
ill, 463. 

j^encral ])roperties of, 448. 
liippuiic acid ill, 458. 
mil' us in, 4S9. 
oxalic acid in, 462. 

])ln)spbonis in, 461. 

(jiiantity secreted, 450. 
roin'tioii of, 448. 

made alkaline by diet, 449. 
saline m!iltei*s in, 4O0. 
secretion of, 446. 
e(l\icts 4)f posture, etc., on, 
447 - 

rate of, ih. 

specitic ^(ravity of, 449. 
sulphur in, 460, 
urea in, 452. 
uric- acid in, 456. 
variations of, 449 
of \vat<*r in, 452. 

Uteni.^ 716. 

cliiui^o's of mucous membrane of, 

conti actions ot its arteries, 139. 
development of in prcgiiaiiey, 

392. 

follicular glands ol, 753. 

ridlex aetitui of, 506. 

simple and compound glands of, 

stnictun* of, 710. 

Utricuhis of labyrinth, 678. 

Uvula in relation to voice, 618. 


V. 

Vagina, structure of, 717. 

Vaginal veins of liver, 318. 

A^agus nerve. Nee Ihienniogastnc. 
Abilve, ileo-ciL‘cal, structure ’oij 31 1. 
of Viesseiis, 531, 


Ml 

Valves of heart, 104* 
action of, 112-19. 
bicuspid or mitral, 105. 
semilunar, 108. 
tricus])id, 105. 
of lyrjijdiatic vessels, 353. 
of veins, 16S. 

Valvnla" conniventes, 298. 

\’as ilefercns, 731. 

Vasa elfcrcntia, 445, 732. 
recta. 445, 732. 
vasfy‘um, 134. 

Vascular area, 750. * 

Vascular glands, 410. 

analagous to se-ci’ctiiig glands, 
410. 

ill relation to blood, 414. 
several ollices of,*4i5-i8. 

Vascular parts, nntntion of, 385. 

system, develo])nici)t of 7O3. 
Va.so-iiiotor nerves, 142, 575. 
Va.so-m()tor ncrvc-ccntre, 576. 

• rellfctiou by, 577. 

Va.scul:irity, degrees of, 159. 
Vegetable matters, absorjitioii of, 

437 * 

Vegetable .substances, digestion of, 

• 284. 

Vegetables and animals, distinctions 
between, 4. 

Veins, 100, 167. 
absorption bv, 367. 
aiiastoiiioses of, 171. 
circulation in, 169. 
coats of, 167. 
of cranium, 181. 

elfects of niUMiular pressure on, 
170. 

of res])iration on, 174. 
in erectile tissues, 183. 
force of heail s action remaining, 
in, 170. 

iiiHiieiico of gravitation in, 169. 
muscular ti.s.sue in, 172. 
rxlhmie-al action in, ib, 
structure of, 167. 

.systemic, 103. * 
valves of, 168. 
velocity of blood in, 175. 
V|jlocity of blood in arteries, 175. 
in ca])illaries, 162, 
in veins, 175. 
of circulation, 176. ^ 

- f nervous force, 478. 
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Vena porta*, its arrangcineut, loi. ' 

317- 

Venonsi Mood, cliaraeters of, 85-9. 
Veiililsitioii, necessity of, 214. 
A^'iilriclo, tonrtli, of bram, 511, 531. 
Ventricles of heart, 102. 
oap«'icity of, 128. 
contraction of, 1 10. 

elhu’t on arteries, 144, 149. ; 
on eirenlation, 132. ' 

oil v«*ins, 170. i 

force of, 12C}. 

development of, 766. I 

dilatation of, 112. 
of larynx, oltie.e of, 619. ! 

VentriUxpiisTi), 694. ! 

rneehanisni of, ib. ^ j 

Verinicalar inovenieiit of intestines, i 
345 - 

Venn i form process, 524. 

Vertehra-, development of, 744, 759. 
Vosiide, germinal, 720. 

Ciaafian, 715, 718. 

bursting of, 723-25. 
uuihiliril, 745- 

Vesicles of vascular glands, 41 1. 
Vesicula, gerniinativa, 720. 

Vesicnl.e semiiiales, 735. 
functions of, 736. 
reflex movements of, 505. 

Vesicular nervous substiince, 473. 
Vestibule of the car, 676. 
of vagina, 717. 

Vibrations, coisveyance of, to audi- 
tory nerve, 683. 
perception of, 627. 
of vocal cords, 617. 

Vi'liaii nerve, 550. 

Villi of intestines, 306. 
a'ltion ill digestion, 338. 
on intestinai glamls, 301. 

Villi <»f cborion, 751. 
in placenta, 756. 

Vise-eral arches, development of, 
761. 

cavities, serous membranes of, 
39b. 

lamina?, 745, 761. 
layer of pleura, 188, note. 

Visidn, ^6. , 

angle of. 655. 

at different distances, adaptation 
of iiyc to, 649-51. • 

contrasted with touch, 656. 


V ision, co)i i imtcrl. 

corpora qiiadrigemina the ]>rinci- 
j»iil nerve-centres of, 521. 
correction of aberration, 64S, 

649.. 

of inversion, 653. 
direction of, 656. 
direction of rays in, how regii- 
liiied, 642. 

distinctness of, liowsecunul, 646. 
donhJe, 666. 

duration of .sensation in, 650. 
estimation of the form of objects, 
656. 

of their motion, 657. 
of llii*irsi/o, 6i;q, 

field of, size of, ih. 
focal (li.stance of, 649. 
imi»aired by lesion of fifth nerve, 
546, 547- 

intlneiice (»f attention on, 658. 
modilied h} ilifferenl parts of the 
retina, 662. 

organ of, 636. eye. 
phenomena of, 644. 
in <pia<lruy)eds, 667. 
single, With two eyes, 664. 

its cause, 667-71. 
strii.'jtiires (‘.s.seiitial for, 645. 

! Visu.il direction, 65 (). 

1 Vital ca]»acity of ciie.st. 202. 

I motion.s, 578. 

’ Vitality. /SVfi life, 
j Vitelline duct, 745. 
niemhrane, 719, 740. 
spheres, 740. 

Vitellus, or ycdk, 720. S^lc yelk. 
Vitreous humour, 64.^,. 

Voe.al cords, 

action of in res]»irat,ion, 200, 222. 
apiiroximation of, otlect on height 
of note, 612. 
attachment of, 608. 
elastic tissue in, 37. „ 
longer in males tlian iu females, 
615. 

position of, how mo Ufied, 610. 
vibrations of, cause voice, 604, 
618. 

Voice, 604. 
oflmys, 615. 
compass of, 614. 

conditions on which strength de- 
pends, 618. 
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Voice, liiiTnaTi, prodneed 1 \y vibra- 
iioii ol'vocjd cords, ^>04, 618, 
impaired by destruction oi' acces- 
sory nerve, 564. 
in (*1111110118, 616. 
in 11 lienee of a;?e on, 615. 

of arches of palate and uvula, 
618. 

of epif^lottis, 612, 
of sex, 614. 

inlluence ol ventricles of larynx, 
619. 

of vocal cords, 604, 610. 
in male and female, 61 4. 

cause of dilfcrent pitch, 615. 
Tnodulatioiis of, 617. 
natural and falsetto, ih. 

])» ('iiliiir ebara (iters of, 616. 
varieties of, 614. 

Volatile bodies, inlluence of, on sense 
ofsiiicll, 633. 

Voluntary muscles. Slc Muscles. 
Vomiting, 

aciioii of stomach in, 289. 
iiiechaniam of, 223. 
inlluence of spinal ('ord in, 505. 
voluntary ami acquired, 290, 
Vowels ami consonants, 619. 

V 111 VO- vaginal glands, 718. 


W. 

"Walking, muscular action in, 59S, 
hoi. 

Warm-blooded animals, 235. 

Water, 

absorbed by skin, 437. 

by stomach, 281. 
in blood, variations in, 79. 
condmitionofsonnd through, 683. 
(bdicieiit in thirst, 84. 
exhaled from inngs, 217, 435* 
Irom skin, 433. 


Water, continveiL 
forms largo part of bumaii body, 

* 7 - 

iiiHueiicc of on coagulation of 
blood, 06, 67. 
ou (h'coiiqjosition, 10. 
in urine, evendion of, 446. 

varialions in, 452. 
vapour of in atinosplu'rc, 210. 
Wave of bhjod in tlie pnls(!, i4(j. 
Weight, ivJation toca^iacity ol chest, 

j ?02. 

! s(‘iisatioii of, 710. * 

I White corpuscles. AVc IJlood-cor- 
i jmscles, white ; and hympli-cor- 

I puscles. 

fibro-cartilagc, 41, 43. 

White siibstanci' uT nerve-tibn*, 466. 
I Will, ‘ 

reflex actions aintMiablc 1.0,503-5. 
transiiiis.sionol througli cord, 498. 
: Willis, circle of, iSi. 
i Wolfllan bodi(‘s, 777. 


' Ytlk, orvitolliis, 720. 

I changes ol’, in Kalloi >iau t ul a*., 740. 

, in uterus, 742. 

, cleaving of, 740. 

1 constriction of bv ventral Janiina, 

I 745 - 

Yelk-sac, 747. 

Yellow clastic fibre, 37. 
libro-cartilage, 41, 43. 
s})0t of Sonin icring, 039, 641. 


Z. 

Zona pellucklu, 719, 740. 
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